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Dear Mr. Marti: 

We are pleased to transmit to you copies of our report titled 
Irrigated Agriculture In Afghanistan , which reflects the analyses 
called for in the subject Work Order. This report identifies the 
principal problems and constraints affecting irrigated agriculture 
in Afghanistan, describes possible solutions to these problem areas, 
and presents groupings of these solutions in 'technical packages' 
we believe suitable for incorporation into future Project Identi- 
fication Documents. As such, the recommendations in Section II. 
are o t a broad nature and have nationwide relevancy. 

We would like to add to the Acknowledgements expressed in this 
Report our thanks to AID/W and OSAID /Afghanistan staff who 
measurably assisted us in this undertaking. 
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XI. RECOMMENDATIONS 



Investigate ground water potential of both deep 
and shallow wells. 

Rehabilitate the small scale irrigation sy stents 
for improving water control throughout the com- 
plete system. 

Introduce- improved -crop- husbandry-based on~ crop 
water use efficiencies and water management prac- 
tices on the farm. 

Initiate land improvement work, including on-farm 
iaf rastructure , to improve on-farm water management. 

Begin water and related land resource inventories 
to provide data for planning and designing irriga- 
tion projects. 



HI. INTRODUCTION TO THE REPORT 



This Study, implemented jointly by a team of engineering and agri- 
cultural specialists from Experience, mcorporated (toe Contractor), and 
a groap of technical specialists from the Agency for International Devel- 
opment's ftflssion to Afghanistan (ESAro/Afghanistan), has comprised an 
intensive review, daring a two- month period, of past and present develop- 
ments in irrigated agriculture within the Democratic Republic of Afghanis- 
tan (DRA). The Study has measurably benefited from review by, discnssians 
with, and contributions from DRA officials of Ministries and Departments 
concerned with such irrigated agricultural developments. DRA officials 
also joined members of the Contractor's team and DSAID technicians in 
visiting and Inspecting irrigation systems in many parts of Afghanistan. 

The participation of the Contractor's team was authorized by Contract 
No. AED/afr-C-1130, dated 29 September 1978. (Wocfc Order No. 94) 

B. Objective of the Study 

The objective of the Stacy, as stated in Article H of the Work Order 
is to identify and recommend for farther investigation new procedures and 
technologies mat could lead to an increase in the availabiliiy and the ef- 
ficient use of water for agricultural production in ways appropriate to the 
- 1 - 



poore r farmers. 

C. Purpose of the Report 

This Report summarizes the findings of the reviews and investi- 
gaions-made daring the Study. _ft Jiasbeen divided into JheJfoUowing _ 



- Determination of problems and constraints currently ham- 
pering or capable of imposing future limitations on the development of 
irrigated agriculture; 

- Description of possible alternative solutions responsive to 
the aforementioned problems and constraints; 

- Formulation of "technical packages" through the selective 
combination of possible solutions; 

- Identification for future reference of certain tmevaluated cg&- 
strafnts which were outside the purview of the present Report. 

D. Methodology 

Details of the methodology employed in this assessment of irrigated 
agriculture in Afghanistan are presented in Annex 4. 



The Contractor's efforts in the implementation of this Study and the 
preparation of the Report were substantially helped and benefited by the 
considerable assistance, support, and factual inputs torn USAID, specifi- 
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cafiy from tbe offices of the Deputy Director, Agriculture, and Program. 

Further help, of very significant value, was provided by DSLA of- 
ficials and staff of Ministries and other departments and agencies con- 
cerned with irrigated agriculture In Afehanistan. The gratitude of the 
Contractor is particularly extended to the following for their contributions 
to this Study: 



Mr. Fateh Mohamad Tarin 
Dr. Usman Akram 

Mr. Jafar Kazem 



- Deputy Minister 

- General Director, Agriculture 

and Irrigation 

- President, Foreign Relations 

Department 



Ministry of Agriculture and Land Reform 
Mr. Abdul Ahad Sarsam 
Mr, Mohamed Hasan Paiman 
Mr. Jan Mohamed 

Mr. Feda Mohamed Easbimi 



Ministry of Water and Power 
Mr. Nassim Azimi 
Mr. Mohamed All 
Mr. Farooq 



■ Deputy Minister 

- Fresfdent of Extension 

- President Evaluation, Exten- 

sion Department 

- Staff Member, Extension 

Department 



- President, Planning 

■ Staff Member, Planning 

- Staff Member, Planning 



Rural Development Department 
Mr. Sulemanzal 
Mr. HefcnataUah 
Mr. Saved Akbar 

Agriculture Development Bank 
Mr. Abdul Tawab AseQ 
Mr. Sayed Abdul Rahman Hasbimi 



■ Vice President 

• General Director, Irrigation 



■ General Director, Credit 



IV. PROBLEMS AND CONSTRAINTS 

introduction 

The identification of major proMerns and constraints inhibiting the 

development of Irrigated agriculture was achieved through three stages: 

A farm model i rrigati on supply system was synthesized in a 
step-by-step process from the individnal farmer's plot, through the sev- 
eral components of the system, to the ultimate scarce of the irrigation 
water supply. Prom this the key variables were identified, and through 
consideration of these dependent variables and the respective caasal re- 
lationships involved, problem areas a&d constraints within the basic sup- 
ply system were highlighted. 

An effective demand strnctnre with corresponding dependent 
variables to complement the above supply system was then established. 
This in torn led to a preliminary JisflSg of problem areas and constraints 
for each of the key variables in the effective demand structure. 

Through re-examination of the various problems and constraints, 
cross-critiquing, and extensive discussion among the Contractor- USAED- 
DRA participants, the major variables surfaced and were placed in order 
of priority, lesser variables were relegated to minor positions or elim- 
inated, and the principal problem areas and constraints were established 
around winch possible solutions and technical packages" were later 
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developed. 

A mora detailed description of the development of the three stages 



of a Representative irrigated Agricultural (supply ) 



The diagram to Figure 1-1 comprehensively lists in matrix form 
the principal components of a representative irrigated agricultural system. 

The catchment area is the source from which irrigation water is 
derived. Human intervention in the form of diversions, either from sur- 
face or from groundwater sources, captures a supply of water from the 
resource area. This in torn flows through a network or partial network 
of conveyance facilities to farmers' fields. Optimal withdrawals from 
the resource area together with the performance characteristics of the 
conveyance system are major determinants in supplying adequate deliveries 
of water to farmers' fields. 

A favorable environment for growing plants usually required, in 
addition to appropriate water or moisture availability, some kind of drain- 
age relief system for the disposal of excess water. This obviates soil 
saturation and thus ensures the accessibility of aerobic bacteria and plant 
roots to sufficient amounts of oxygen. 

Appropriate farm infra st r uctur e, including well-graded fields per- 
mitting a uniform application of water; efficient inter-field distribution 



fig. I - 1 Representative irrigated Agriovltaral J9ys£eai 
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systems; well-developed soil profiles; and perhaps some mechanization 
to permit more timely farming practices to be applied, requires Invest- 
ment by the former. To effect this, intermediate or long-term credit 
isusually needed. - 

The farmer also needs technical assistance in establishing approp- 
riate infrastructure on the farm. This frequently takes the form of ad- 
vice and counsel on more modern agricultural practices, especially 
water management, in order to obtain improved yield levels. Certain 
institutional needs, which are normally supplied at governmsst cost, are 
concerned with his access to credit, agricultural schools, and research 
stations, as well as other governmental service organizations. 

Farmers are also faced with costs which are annual, recurring, or 
which vary according to the cropping cycle. These comprise good quality 
seeds; fertilizer and other agricultural chemicals; tods; maintenance of 
power, whether machine fuel or feed for animals; zad in most countries, 
water charges. Small-scale farmers usually require short-term produc- 
tion credit for amortizing these costs. 

Finally, local supporting enterprises are needed to handle the har- 
vested crop. Basic elements of the crop-handling support system are 
shown as transport, storage, processing (where required), and marketing. 

2, Analysis of User-demand Relationships. 



The sUrtl ng point for tW3 analysis was arbitrarily taken as the 
individual farmer's plot, and the key variables, as well as the respective 
factors which contributed to them, were then developed: first for the 
supply system, and then for the complementary effective demand. Fol- 



lowing interfacing and discussion with DBA officials, the supply and de- 
mand systems were refined and the most significant variables arranged 
in order of importance. Table (-1 shows the components of these two 
cm-farm irrigation systems and indicates the caasal relationships that are 
considered to exist and to affect irrigated agricultural practices in Afghan- 
istan. These conditions are described in the following paragraphs of this 
Section, each keyed to the respective key variable. 

B. SUPPLY SYSTEM PROBLEMS 
1. Resources 

There is insufficient knowledge concerning the extent and quality of 
the country's water resources, m the case of streamflow, for example, 
the number of gaging stations is about 80 percent of the total recommended 
by the U.S. Geological Survey about 12 years ago; data quality, however, is 
not commensurate, as there are considerable data that are classified as 
only fair to poor; and there have apparently been a number of cases 
where shifting controls have affected rating curves. Moreover, reduced 
budget allocations have been responsible for shortfalls in actual departmen- 
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Similarly, groundwater Inventory has been scanty, localized and 
generally inadequate for purposes of complete resource evaluation. No 
Jg^rterg.recprdfl.are ayailable. . drawdown -recovery data exist- for- only 
a few areas, and no evidence was tarnished of a r-^olar program for 
hydrogeological study. Exploitation of these water resources has been 
permitted to proceed without adequate planning, reflecting farther lack of 
knowledge of the resource itself. No significant attempt at conservation 
has yew been undertaken, although an interest has been expressed in 
groundwater recharge. The technology to optimize the usage of surface 
and groundwaters exists outside Afghanistan, and is probatiy known to a 
limited extent at Ministry level or equivalent, but research and investiga- 
tion leading to practical applications appear to be at a rudimentary stage, 
at best. 

Adequate soil productivity investigations, including determinations of 
soil fertility, have probably never been made in Afghanistan, at least to 
any area-wide extent, and conseqoently land capability classification does 
not exist. A limited and very generalized soil reconnaissance survey was 
made by a UN group in 1963. Sous laboratories visited were deficient in 
experienced staff and modern equipment, and appeared to be more con- 
cerned with water analysis than sous. There was no evidence of a 
national , sous policy or of any country-wide sous investigation programs. 



Records appeared to be Incomplete and unreliable, doe again, perhaps, 
to laftdequate or inexperienced staff. 

_Z.- gydranllc- Design 

As related to on-farm irrigation supply systems in Afghanistan, 
hydraulic design suffers Initially from a lack of relevant hydrologic data, 
of which farmers' groups have only an empirical awareness. Addition- 
ally, conveyance systems are less subject to acceptable hydraulic design 
than they are to land configurations and right-of-way limitations. The 
degree of technology resorted to is often primitive, for assistance to 
farmer groups in remote areas from such government agencies as have 
sufficient technical ability is limited and often non-existent. 

Additional constraints on the design of the supply system are pre- 
sented by limited energy and budgetary resources: a small pumping sta- 
tion that would obviate an overiy-long conveyance system could well be 
precluded because of lack of power and fuel, as well as by the meager 
funds available for the purchase of the equipment itself. 

3. Construction 

Particularly where the bonding of a sizable river diversion structure, 
dam, or weir is concerned, construction operations of supply systems are 
subject to the magnitude of streamflow that most be diverted during such 



construction. Such flow patterns are season la nature. The normally 
small bow^et at the disposition of the average farm group, and the lim- 
ited availability of skilled labor (such as carpenters and masons), con- 

j*nw^on materials- (often under the -control -of- the Government), and 

needed equipment, provide further constraints to construction work. 
Generally the organization at the community level in Afghanistan is 
limi te d insofar as construction experience and the requisite technological 
knowledge is concerned. Such expertise may well be available at pro- 
vincial or state capital headquarters, but it is frequently difficult to have 
this knowledge disseminated to remote areas. Energy limitations, if not 
their outright lack, are additional constraints because they limit the use 
of power equipment that might facilitate and improve construction. 



4. Operation and Maintenance 

At present there is no DRA organization for the operation and main- 
tenance of the small-scale irrigation systems. The Ministry of Water 
and Power has indicated that it plans to have a section in their new or- 
ganization for this purpose. However, it expects that a country-wide op- 
eration and maintenance program for the private, small irrigati on systems 
lies ten years in the future. ROD does have a maintenance section but it 
Is greatly understaffed and there Is no budget for implementation operations. 
Local organizations for system operation and maintenance exist at 
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the community level. The structure of such organizations depends mainly 
on the size of the individual system. Organizational operations are ham- 
pered by lack cf administrative competence and technical shortcomings. 

_ „ _Wtth- proper- hydraulic design, small-scale irrigation systems would 

be much easier to operate and maintain. There is virtually no control 
of the amount of -water entering these systems (except for a few systems 
that have benefited from HDD-assisted hydraulic design). Protection 
from flood damage is minimal. The amount of water bears little relation- 
ship to crop requirements. The comments made under ,, Construction ,, 
concerning materials, equipment, labor, and budget are equally applicable 
to the operation and maintenance of small-scale irrigation systems. The 
lack of government regulations is conducive to permitting inequities In 
the use of water. 

Losses 

An on~farm Irrigation supply system is subject to many losses widen 
en materially reduce the flow originally diverted from the river. These 
losses, which have been estimated for Afghanistan to average about 65 
percent of the total supply (cr, Indeed, all of the supply in the case of a 
major structure destroyed through uncontrolled flood flows) are caused by 
the following: 

. Seepage through pervious soils through which the conveyance 
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system is excavated. 

. inadequate hydraulic design, m this instance ft could contri- 
bute, through oversized conveyance channels, to increased seepage and 
-excessive-canal excavation* — 



. Evapotranspiraticn from large plants, shrubs and boshes con- 
tiguous to the conveyance system. 

. Aquatic growth within the conveyance system impeding normal 
irrigation flows, and also co ntributi ng to evapotranspiration losses. 

. Inadequate flood protection of principal struc tur es which could 
expose such structures to damage during floods, with a consequent loss 
of irrigation flow as has been noted above. 

Recovery Systems 

Recovery (drainage) systems are usually needed to prevent water- 
logging, or to improve waterlogged soils with attendant high salinity, 
to Afghanistan there is a tendency for water users at the head of a sup- 
ply system to appropriate more than tlieir fair share of irrigation water, 
a practice which if unchecked and uncorrected usually eventually leads to 
water logging. This state of affairs is a reflection of the established 
social structure which unintentionally encourages lax and inefficient water 
management, and in so doing certain water users, because of their social 
position, to exceed their water allotments. 



Unfavorable land configurations which have not been ameliorated 
through levelling or terracing can also lead to waterlogging problems, 
as ca the prevalence of high water tables and unfavorable (1.6. low- 
permeability) soils. This last Is not too widespread a constraint, as 

many of the soils in Afghanistan are more pejviocs tiwn. otherwise. 
Water recovered through the operation of drainage systems may be re- 
turned to the river, or used to replenish groundwater aquifers; in some 
cases, water recovered from a drainage system can be further utilized 
for augmenting an irrigation supply. 

C. 2 FFECTIVE DEMAND PROBLEMS 
Land Configuration 

The natural terrain features generally found in indigenous commun- 
ity irrigation systems (which, in Afghanistan, deliver water to approxi- 
mately three-fourths of all irrigated land) require substantial modification 
before efficient surface irrigation methods can be applied. Farmers have 
managed to effect a measure of land levelling by their own devices over 
the years, but mostly on a field-by-fleid basis. This has resulted in 
odd-shaped and uneven-sized fields with no precision grading, which has 
complicated the internal farm distrfixtion system and obviated uniformity 
of water application to the fields. To compound the farmer's problem 
further, there is virtually no source of technical expertise available to 



survey and design an efficient co-farm irrigation system, nor are land 
Improvement contractors and appropriate equipment available. 



SoO. Water, and Plant Relationships 



Knowledge in Afghanistan concerning the interaction of soil, water, 
plants,, and fertilizer is mostly concentrated at centrally-located research 
and educational institutions. Disseminating this information to rural sift- 
centers, and through them to farmers or farmer groups, has not been 
adequately implemented. Extension work is carried out by the Ministry 
of Agriculture, bat its responsibility in this area doe3 not include the ed- 
ucation of the farmers on soil and water matters relevant to irrigation 
practice. This is administratively the responsibility of the Ministry of 
Water and Power, but circulation of such information to rural areas has 
not yet been implemented. 

Agricultural Practices 

Farming procedures for crop production in Afghanistan appear to 
be fundamentally tradition-bound. Modernization of these antiquated 
practices is hampered: first by an inadequate information system to ed- 
ucate the farmer, and then by a failure to provide sufficient encouragement, 
incentives, or means for the farmer to effect many such improvements. 

Existing practices where improvements could be made are included 



in, bet not necessarily limited to, the following listing: 

Land preparation Methods of Irrigation 

High yielding varieties of seeds Control of weeds, insects, and disease 

__ Desir^le_d^es__£or_3eedtag^ Fertilizer_usage 

Swing rates Use of proper tools and equipment 

Additional constraints originate in the existing social stru c tur e. 
Local power relationships impose conditions that are beyond the farmer's 
means to overcome. Snch a relationship is apparent within the community 
irrigation systems, where mirabs are selected by the jirga, or council of 
elders, and where consequent favoritism appears to be the norm rather 
than the exception. 

The lack of a crop-reporting service and a niinimum-price-snpport 
program, announced in advance, affects the farmer's planning. In prac- 
tice, it confirms his preference for adhering to traditional cropping patt- 



Water Management 

The first phase of water management in irrigated agriculture is con- 
cerned with the delivery of water from the conveyance system to the farm. 
The second phase is concerned with water management on the farm itself. 

Water should be distributed among the canals and laterals in pro- 
portion to the area of land to be irrigated on a rotation period basis. 



However, In moot of the supply systems in Afghanistan there are no 
gated intake or turnout structures, and as a cocseqnence water deliver- 
ies cannot be fixed in terms of predetermined quantity per anit of ir- 
rigated area 



Water management on the farmer's land Is essentially the control 
of the amount of water needed by crops at a particular growth stage, and 
the time and frequency of application as dictated by climate and soil char- 
acteristics. These concepts are neither understood nor practiced by 
farmers in Afghanistan except in a rudimentary, empirical way, strongly 
influenced by tradition. The problem in disseminating modern water man- 
cement principles is similar to that previously described for soil, water, 
and plant relationships. 

A further aggravation concerning current water mismanagement is 
the fairly common practice of farmers at the head of a distribution system 
acquiring, through traditional use patterns, an almost incontestable right to 
the use of a greater volume of water than those located lower down in the 



5. Non-Farm Demands 

m many of the community irrigation systems in Afghanistan, partic- 
ularly those in more remote locations, requirements for domestic use of 






water, viz. . potable water, laundering, food cleaning, and livestock 
watering, are met from Irrigation water supplies in the irrigation can- 
als Gals) which are made to pass through or near to the Tillage. With 
respect to farm -Irrigation.- the -problem may- not be -significant consider- - - - 
tag only withdrawals for consumptive use. However, the pollution factor 
arising from the introduction of deleterious substances such as household 
sewage wastes including night soil, detergents, soaps, or other chemi- 
cally non-biodegradable substances into the irrigJilon stream could 
affect water quality. The highest non-farm consumptive use comes from 
growing trees planted along the Jul. 

D. rDENTTFT CATTON OF PRINCIPAL PROBLEM AREAS AND CONSTRAINTS 

Further intensive studies and discussions of causal effects, inter- 
related impacts, and the relative importance of the key variables just 
described were made. As a consequence, problem areas began to emerge, 
areas that embraced many of those elements which influenced the variables 
themselves. The final analysis in this Section of the Study concluded 
with an identification of what appeared to be principal problem areas 
and the most important constraints affecting those areas. 
These main problem areas were found to be: 
. Resources 



Conveyance systems 



The fallowing paragraphs describe the major constraints that were 
_ cpnsicfejrcdjto fiifloence these problem areas. — — ■■ 

1. Resources: The analysis of this problem area led to the conclus- 
ion that a failure to optimize constituted the major constraint hampering 
the development of Afghanistan's soil and water resources for irrigated 
agricultural applications. 

Insofar as water resources with irrigation potential are concerned, 
there is a lack of knowledge concerning locations of sources, water 
quality, and water quantities available, including a categorized evaluation 
of prior claims oa surface and gro undwat er supplies, as well as seasonal 
variations over a substantial number of years. 

2. Conveyance Systems ; Five key constraints were apparent during 
the course of the analysis of this subject: 

a. Diversion structures are inadequate and in some cases may 
not be the most suitable means of ctivertfng water for irri- 
gation use; 

b. Seepage from the system impairs efficiency and is the chief 
cause of water loss; 

c. Inadequate flood protection is responsible for substantial 



water losses until repairs can be effected; 

d. Conveyance control stru c tur es are lacking or inadequate; 

e. The social organization affecting water control and distri- 
bution is not rally responsive to farmers' needs. 



3. Utilization; Three key con straints were found to be hampering ef- 
ficient utilization of irrigation water on the farmer's land: 

a„ A lack of knowledge by both technician and farmer of ef- 

ft cient water-ose practices; 

b« &**' rm infrastructure related to efficient water use is 

either lacking or inadequate; 
c. Current farming practices and the lack of a soil improve- 
ment program are hindering the efficient use of on-farm 
irrigation water. 



V. POSSIBLE ALTERNATIVE SOLUTIONS 



ThIa-SectlotL describes possible solutions wMch-have been-consid-- 

ered as being rnapoustre to tie three major jAjblem areas as deftasd 
in Section L C. 
A. PROBLEM AREA; RESOURCES 

Lack of knowledge of qaaati.> and qualify of 



; measares required for effective utilization; need for exploi- 
tation and conservation regulations. 



1 ' Establishment of a National Water Resonrces Commission. 
A National Water Resources Commission would be an autonomous coor- 
dinating and policy-making group for the purpose of reviewing and ap- 
proving an major water resources projects before operating rands were 
made available. The organization character, staffing and responsibili- 
ties of such a Commission are given in Appendix 3 . Its authority, 
however, would enable it to implement the following actions; these 
activities themselves constitate possible solutions within the Resources 
problem area. 

a. Inventory of all significant surface waters and groundwaters; 



b. Upgrading of tbe bydrometeorological network to improve 
the caliber of the data obtained and required for water 
resource project planning; 

c. Investigation of principal groundwater sources through 
drilling and pumping (drawdown and recovery) test explor- 



d. investigation of more effective and efficient means and 
measures of water resource utilization soch as, bat not 
limited to, the artificial recharge (see definition below) 
of developed groondwater sources; consideration of runoff 
irrigation (from a water availability standpoint only). 
2 « Implementation of an immediate groondwater development pro- 
gram for selected areas. 
(The implementation of soch a program would not be dependent upon the 
establishment of the aforementioned Commission, but would require a 
prior groundwater inventory to be made of any designated areas for such 
development. ) 

This program would comprise the following elements which would be 
implemented in selected areas of Afghanistan to improve and increase ex- 
isting and new sources of irrigation water: 

a. A well-drilling program limited to relatively shallow wells 
(not exceeding 25 m. in depth where small-bore rigs are 



available); 
b. Tbe enhancement of developed groundwater resources by 
artificial recharge. (Artificial recharge is the term used 

__for introducing jrateiv either through- percolation through 

the soa using any of various arrangements of surface ap- 
plication, or by injection into a water-bearing soil stratum, 
known as an aquifer.) 
3. A comprehensive sofl inventory and description. 
A soil inventory would describe the soils of different areas and the des- 
cription would be coded 'and incorporated on sofl maps. Sofl maps are a 
basic tool for selecting a system of soil management. The maps show 
the kinds of sofl in a field and farm — essential knowledge for selecting 
from the various available soil- management practices the combination of 
practices that is best suited to the soil and to the resources, skills, and 
desires of the farmer and rancher.. 

Interpretations of soil maps are physical and economic analyses of 
the alternative opportunities available to the users of the land. They in- 
dicate capabilities of the soils for agricultural use, adapted crops, estim- 
ated yields of crops under defined systems of management, presence of 
specific soil-management problems, opportunities and limitations for 
various management practices, and problems in nonagricultnral use. 



*■ A aoa and water conservation 



program for Irrigated catch- 



Soil and water conservation within an irrigation basin concerns the pro- 
tection of sofl resources agains t ero sion and the improvement of the water 
control system- Conservation measures to effect this would include: 

a. The imposition of controls affecting grazing, the felling 
of trees and the harvesting of other plant life, and barn- 
fug; 

b. Vegetative activities such as afforestation, and the seeding 
of selected grasses, forbs, herbs and shrubs; and 

c Construction operations such as terracing, and the instal- 
lation of dikes, levees, diversion and contour ditches, and 
other water-detention facilities. 
5. Cjg gtrnetfon of surface water storage reservoirs. 
These storage .reservoirs would store water for future irrigation use. 
They could be formed by sizable structures across rivers; the resulting 
reservoir could have considerable capacfly, with carry-over storage from 
one season to the nest. Smaller reservoirs, or ponds, could be formed 
from embankments or dikes, and could store water temporarily from var- 
ious sources, such as irrigation flows on certain farm areas, overland 
runoff during high-intensity rainfall, or flow received from subsurface 



B. TOOBtEM AREA: COMV EY&NCE SYSTEMS 

Baste constraint (6-4) Carrot diversion structur es need to be 
improved and other means of capturing water need to be Investigated. 

Possible Solstices; 

1. River Diversion stroctores. 
Permanent structures. Where rivers can be spanned economically by 
a weir, a permanent structure diverting the river flow to the convey- 
ance system could be considered; this would either upgrade or replace 
an existing installation. The structure should be designed to withstand 
a flood having an estimated peak frequency of one in 50 years. The 
elements of the structure should include sluiceways for sflt control, con- 
trol gates at the canal intakes, and an overflow weir to function as a 
spillway. 

Semi-permanent structures. For other wider river locations where 
the above-described would be obviously uneconomical, a semf-permanent 
structure employing gabions (wire mesh prisms filled with rocfes and laid 
to place like riprap) could be considered. Such a structure should be 
designed to withstand a flood having an estimated flood frequency of once 
in 10 years. The structure should, however, Include a permanent head- 
gate and sluiceway, notwithstanding the knowledge that because of rtver 
aggradation, or degradation, or course change, modification to or even 
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relocation of the Intake might be required in the future. 

Relocation of existin g diversion structur es. Where additional bene- 
fits would be possible such as: 

._..*r. i ni P poved . P. 8 " 3 * ^^.c^actrartstics (no^sfltlngjor.non^scocring. 

velocities); 

b. Ability to irrigate more or better lands; and 

c. Greater protection from river action afforded to the 
structure; 

then relocation of the diversion s truc t ur e could be considered. 

Consolidation of existing diversion structures. Where separate ir- 
rigation systems are contiguous or in close proximity, and where the 
topography is conducive, economies in maintenance and operation may often 
be realized by consolidating the separate diversion structures into one. A 
few connecting canals would be required to interconnect the existing sys- 
tems, and adjustments would also have to be made in the c arryi ng capa- 
city of certain main canals. Reductions should thereupon be realized in 
overall canal maintenance needs, seepage losses, and other losses that 
might be attributable to the poor hydraulic design of the original systems 
before consolidation. 

2. Other Irrigation Supply Schemes. 
Pumped water from surface runoff sources. Pumps could be utilized to 
provide irrigation water from rivers. Unnecessarily long canals could 



tins be eliminated, and with them attendant losses. Pomp diversion 
would also obviate the need for ron-of-rtver diversion structures, bat 
mold require skilled operators with a knowledge of maintenance pro- 
cedures as wen as an energy source- Alternative energy sources to 
fioel and electricity (in long-term considerations) could inclode wind and 
solar power. 

Pumped water from karezes. Dependent upon the capacity of the 
aquifer tapped at the uppermost karez well, the suitability of arable laud 
in its vicinity, and the assurance of a favorable B/C analysis, consid- 
eration could be given to replacing the karez system with pomps at the 
uppermost well and at the outlet of the system (tapping the aquifer itself 
at that point). If feasible, tins would enable more land to be irrigated 
and would obviate the periodic and hazardous maintenance of the karez 
now required. 

Controlled flow from karezes. Instead of permitting the karez to 
flow continuously, the karez flow could be collected in a pipe, thus pro- 
viding a means of transmission paralleling the karez tunnel. If equipped 
with a valve, the pipe system could be closed when irrigation flows are 
net required, thus allowing unseeded flows to be stored in the main supply 
aquifer. Alternatively, karez flow could be stored in a small reservoir, 
to be used when needed. 

Basic con slraiiUs fB— 2? Seepage within the system is the chief 



cause of water loss and lowered efficiency; and poor maintenance is a 
ifartber soorce of loss. 
Possible Solutions: 

1. Lining of canals. 

The lining of canaLToa a~selecttve basis woold~minimize" seepage for 
those systems where such losses are considerable and critical. T-iningq 
are usually relatively permanent (clay linings have considerable short- 
comings and for several reasons woold cot be recommended) and are of 
three distinct types: 

a. Rigid - using cement or asphaltic concrete paving cast in 
place or formed from precast slabs; 

b. fifembrane - linings prefabricated from plastic, butyl rub- 
ber, or compounds of asphalt combined with jute, paper, 
or fiberglass. Such linicgs are either exposed or covered 
with a layer of soil and sand; and 

c. Sealing compounds - liquids sprayed on ditch faces to re- 
duce seepage either by dispersing clay materials, or by 
filling soil pores to form a membrane. 

2. Shortening of lead canals. 

This possible solution has been referred to in the previous discussion of 
i A, 1. 



3. Improved Mtrfntwnance. 
Ztaring flood seasons many of the primitive irrigation systems are subject 
to flows for which they were not designed, m addition to carrying and 
depositing a heavy silt load in the canal, these flows are conducive to 
over-topping of banks with consequent cave-ins, and the general impairment 
of the conveyance system. 

EXn-ing other periods aquatic growth and weeds have been allowed 
to grow- in the canals. 

Improved maintenance would provide for a regularly scheduled exca- 
vation of sot, the clearing of aquatic growth, the removal of obstacles, 
and the repair of damaged canal sections. These deficiencies impede flow 
and also con t r ibut e to excessive losses. 

Basic constraints (B -»3) madequate flood protection causes major 



1. Headgate control structures. 
There are almost ao permanent intake or headgate structures for divert- 
ing water from the rivers into the main canals of the irrigation systems. 
The main canal is consequently subject to damaging flaws during high 
river stages; this causes erosion and over-topping of canal banks, inun- 
dation of croplands, and siltation of the canals. 



A permanent or semi-permanent diversion structure with headgate 
canal and sluiceway would prevent this re curring damage. 
The permanent weir section could be masonry or concrete, with gabion 
c "^ structtan for the „^°? i ~P e F m ? ne i Bt *7ers f on_structnre. The. headgate 
or regulating structure could be masonry. 

2. Siphons 

Inverted siphons could be used where irrigation ditches cross roads, 
canals or stream channels. The conveyance system is thus protected 
against damage from uncontrolled flows in the channels and impedance 
of flow from other sources is obviated. Siphons may consist of a con- 
crete box structure or a pipe (either concrete or steel). Their design 
must be based on adequate hydraulic analysis. 

3. Flumes 

Ftnmss could also be used to carry irrigation water across small water- 
ways. Their cost is usually less than an inverted siphon, but they may 
require more maintenance or earlier replacement, and the necessary 
supporting sub- structure might not be practical in some locations. 
Flumes could be made of pre-cast concrete, sheet metal or wood. 

4- "Cut-and-cover" canal sections 
These sections could be used to convey water where canals cross water- 
ways, or traverse steep slopes where debris deposition or slides are a 



problem from the slope above the canals. Such a conveyance has a 
rectangular cross-section, and is so excavated that the structure will 
be below ground surface. The sides and bottom are usually rubble 
masonry with a pre-fabricated concrete slab placed on top of the ma- 



sonry vails. The structure Is then covered over with fill material as 



4. Diversion Dikes 
Diversion dikes, or guide levee3 t could be constructed for channeling 
rainfall runoff which collects in waterways above fills and canal banks. 
These usually originate above the canals and continue for short distances 
below, thus confining such runoff and preventing it from destroying long 
sections of canals. Such diversions or dikes could also keep runoff from 
immri a tl ng irrigated land. Construction could be effected with earth fill 
materials, loose rock, concrete, or masonry walls. 



Sluiceways could help prevent canal siltation by removing sat or other 
matter from the bottom of the intake channel before it has a chance to 
get tnto the canal system. Sluiceways are frequently incorporated wtth 
the headgate strut: lur e. 

Basic constraints (B-4) Irrigation water control structure s are 
lacking or in need of improvement. 



Possible Solutions; 

1 * Dtvlslop boxBS. 
These structures could be used io divert irrigation water from laterals to 
secondary canals, from one field ditch to another, or divide a stream be- 
tween two or more laterals or ditches. The division boxes are generally 
box-like structures, built of rabble : masonry or concrete with two or more 
outlets (commonly called turnouts) ased for the delivery of water. The 
size of each outlet would be proportional to the amount of water delivered. 
Gates would be required for closing or regulating the flow into each sep- 
arate outlet. The outlets of many division boxes are metered so that mea- 
surements can be made of the quantity of water. 

2. Checks. 

Checks could be placed across canals, laterals, and field ditches to raise 
the water level to the elevation that would enable the required amount of 
water to be released to a Held. The water level should be kept at nearly 
the same height above the ground surface for the width of the field being 
irrigated, so that flow into each of the basins, contour borders, or far- 
rows will be equal. Permanent gates could be used in checks, or they 
could be equipped with flash boards or undershot sliding gates to control 
the water leveL 

3. Outlets or turnouts. 



These devices could be used for releasing the irrigation water from a 
canal or ditch to a field. They would control the amount of water be- 
ing diverted into each basin, contour border, or farrow. The choice 
of otztlet would depend on method of Irrigation being used. 

4. Drops 

Drop structures could be installed in ditches on land with considerable 
slope. These would permit the ditch to be constructed as a series of 
relatively flat channels, each at different elevation, at non-erosive grades. 
They should be generally spaced so that the difference in elevation at 
each drop does not exceed 50 cm. Drops dissipate the energy of the 
falling water using a staling basin with a concrete or rock apron, so 
that it does not erode the ditch. 

5. Metered gate structures 

An accurate determination of how efficiently irrigation water is being 
used is dependent upon the measurement of that water. Sufficient metered 
gates for this purpose could be installed in drops, checks, or turnouts. 
A metered gate is a fixed dimension opening calibrated for measuring me 
streamflow over or through which irrigation flows pass. Such measur- 
ing devices measure the rate at which water is being delivered. They 
may consist of weirs, orifices, Parshall flumes (generally employed by 
technicians making water-use studies), and commercial gates calibrated 
by the manufawtnrer. 
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6. Closed Pipe Distribution System 
Pipelines ctrAd provide a number of advantages over open ditches for 
the distribution of irrigation water, m reducing seepage losses, they 
would be comparable to concrete-lined ditches. Evaporation losses would 
be eliminated and weed control unnecessary. The area that would other- 
wise be occupied by open ditches could be planted to crops. Generally, 
maintenance costs would be less than for open ditches, (mcreased ase 
is being made of pipelines in areas where water savings, costs, or the 
Ml use of all irrigable land are important considerations.) Pre-cast, 
non-reinforced concrete pipe is the most widely used type for irrigation 
pipelines of low pressure. 

Basic constraints (B-5) The social organization of water control and 
distribution is not folly responsive to farmers' needs. 

Possible Solutions: 

1. Training Program for fifirabs and Chakhbashis. 
Mbrabs and chakhbashi assistants are currently responsible for managing 
the community irrigation system. They oversee the distribution of water 
from the main canals to the numerous laterals along those canals: they 
settle disputes involving the use of water; and they organize the water 
users for both periodic and emergency ma i n ten a nc e and system repair. 
Despite their unfamlliarfty with hydraulic concepts, mirahs and chaknba- 
shis do a fair job of distributing water throughout the systems. 
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To improve overall efficiency in water use, the mirab and chakh- 
basM could be given some basic training to both modern agricultural 
practices and elementary hydraulic principles. Following these instruc- 
tions in the proper distribution of water within their systems, monitoring 
of the degree of assimilation and the effectiveness of this training could 
be administered by the same agency responsible for the initial teaching 
program. 

2. Operation and Maintenance Standards. 
There is at present no governmental agency that is effectively concerned 
with the operation and maintenance of small-scale irrigation systems in 
Afghanistan. Sach work is currently implemented through communal ac- 
tions beaded by the mirab, using simple tools and primitive techniques 
practiced over many years. 

The establishment of standards for the operation and maintenance 
of small-scale conveyance systems would increase the efficiency of these 
systems, assuming that the agency responsible would assist in providing 
material, equipment, and a source of financial assistance for this work, 
as well as concomitant training and supervision. 

3. Water Rights 
Water rights in Afghanistan are based upon Islamic Law, which in effect 
states that water is a free, natural resource which is to be shared equally 
by an and sot to be sold. Accordingly, land owners in each region nave 
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devised a system whereby the Irrigation water is allocated proportionately, 
based upon the size of land holdings. Although this system of water allo- 
cation is somewhat erode, it could theoretically work, hi practice, how- 
ever, traditional righte are sometimes ignored by powerful large landown- 
ers, by landowners at the heads of irrigation systems, and by other un- 
scrupulous water users. Consequently, those at the lower end of the system 
often receive less water than they have a r^fct to. 

The enactment of water rights legislation could contribute to the eq- 
uitable and efficient use of water in Afghanistan, Such legislation would 
be concerned with nation-wide standardization of water use for each region 
and for each crop, as well as enforcement of the newly legislated rights to 
ir ri gati on water. 



C. PROBLEM AREA: UTILIZATION 

Basic constraints (c-l) There is a lack of knowledge by* technician 
and farmer of efficient water-use practices. 

Possible Solution; 

Initiate research; develop irrigation guides; and give technician and 
farmer training courses. 

Research could produce data on proper rates of water application 
based on local 3oil/water/plant relationships. 

Irrigation guides, developed for each locality, could indicate the 



proper method of irrigation for each crop, rate of application of Irri- 
gation flow, duration of time required to irrigate a given area, and 
tiie frequency of irrigation according to type of plant, soil texture, and 
depth, 

m-service training courses coold be given to technicians and sab- 
professionals that -would teach them era-rent developments as well as es- 
tablished, approved practices related to irrigation agriculture, mforma- 
tion learned from these courses coold then be disseminated to farmers 
on » broad basis. Farmer training coold further be carried out through 
field demonstrations, informal classwort exercises, and through the use 
of media facilities available. 

Field agents could be supplemented by local village workers recruited 
from among the more progressive farmers. They would receive some on- 
the-job training, and be required to assist in promoting production cam- 
paigns within the village. They would receive a small salary, but continue 
with their farming operations. 

Basic constraints (C-2) On-farm infrastructure related to water-use 
efficiency is either lacking or inadequate. 

Possible Solutions: 

1. improvement of on-farm distribution system. 
Many of the possible solutions for Conveyance Systems previously described 



(see Section V Basic Constraints B-2 and B-4) would be applicable to 
co-farm distribution systems bat at a much reduced scale. Additional 
control devices to regulate water onto farmers' fields are soaoewhat 
different, however. For this function, siphon tabes formed of plastic 
pipe or hose conld be used; lath boxes (spiles) could be made, inserted 
through embankments, and plugged with sod when not being used; or 
tile pipe could also be considered for installation in embankments or 
levees mat conld be uncapped when water is required. 

Concrete blocks, fired brick, and rabble masonry could be used 
for the small structures suggested; other than cement, and materials 
for making these structures would be available locally. 

2. Levelling of the land. 
All surface methods of irrigation require a smooth land surface for uni- 
form distribution of water. Good land preparation to obtain this smooth- 
ness is the first step in installing any surface irrigation system. Such 
preparation could be conducive to more efficient control of water; im- 
proved surface drainage; reduced soil erosion and fertaay loss; and pos- 
sible irrigation of a larger acreage with a limited water supply due to a 
nsore efficient use of water. 

Several degrees of land preparation could be considered, depending 
upoa the nature and extent of the specific problem: 



I 

a. Land smoothing is the removal of minor irregularities of ;~S 
the surface without altering the general topographic patters. 

The practice is applicable to nearly level land, or land 
with slight or irregular slopes; 

b. Rough grading is die removal of knolls or ridges, and the 
filling of gullies and other low areas. These represent 
greater irregularities than those described under land smooth- 
ing. Cuts and fills axe relatively heavy. 

c. Land levelling is the reshaping of the land surface to a 
planned grade, and usually consists of levelling the surface 
of each field to a single plane or series of planes. These 
planes could slope both in the direction of irrigation and at 
right angles to this direction (as in furrow irrigati on); or 
could slope in the direction of irrigation only (as in border 
irrigation); or could be level in both directions (as in basin 



3. Improvement of on-farm drainage. 
Effective drainage, both surface and internal, is essential to successful 
agriculture. There is little point in irrigating a crop during the early 
part of its growing season only to have it damaged before reaching maturity 
by poor drainage. 

Where land is not naturally well-drained, artificial drainage could 
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be provided before the Irrigation system is Installed. Natural water- 
courses could be used to cany away flood runoff, thus preventing Inun- 
dation and erosion. Artificial drainage works could eliminate wet spots 
occuring m Qelds because of seepage from hillsides or from irrigation 
canals or laterals, and could fcs used to remove standing water from de- 
pressions where an accumulation of white salts on the surface of the soil 
is sometimes noticed. 

■ --4. — .Augmented water supply during droughts. 
Where an adequate and conveniently-located aquifer has been identified, 
consideration could be given to the construction of a shallow well which 
would provide an irrigation supply for one or more farmers' fields. 

B asic constraints(C-3) A soil improvement program related to 
water use is urgently needed. 
Possible Solutions ; 

1. mcreasing of fertility levels . 

The need for expanding the prodoctivtty of Afehanisian soils is apparent. 
Fertflfty levels could be raised through fertilization and soil amendments, 
which would provide a replenishment and enrichment of major nutrient 
elements in the soil for optinmm plant growth. The extent of such re- 
plenishment could be determined from a sott fertility analysis which would 
indicate inherent fertility levels. 

2. Reclamation of the soil 



Reclamation is needed in many areas of Afghanistan to remove deleterious 
or excessive salts from the plant root zone of the soil profile. Chemical 
treatment of the salts (where indicated by soil tests) farther with drainage 
and leaching could provide the basis for the development of a more favor- 
able environment for soil/water/nutrtent interaction and consequent plant 
growth. 

3. SobsofliBg 
Some areas of Afghanistan have soils with limiting or barrier iayers; 
these comprize zones of more compacted soil materials, or concretion 
layers within the soil profile. These conditions limit plant root develop- 
ment and restrict internal soil drainage. 

This problem could be corrected by subsofling to break up or shatter 
the impervious or semi-impervious layer in the subsoil. This would en- 
hance water infiltration rates; would afford the plant root more of the soil 
profile zone for its development, and respiration; and would improve in- 
ternal drainage. 

Basic constraints (C-4) Current farming practices are not conducive 
to efficient water use. 

Possible Solutions: 

1. Land preparation, proper seeding, fertilizer application, and 



Land preparation includes plowing; harrowing; smoothing the soil; 



the forming of ridges to separate border strips or basins for clesegrow- 
ing crops; and the forming of r urrowa for other crops, particularly root 

Proper seeding aslng quality seeds in a more organized fashion 
would contribute to better plant distribution, whereby plants in a row are 
systematically spaced to encourage equal soil moisture zones from which 
moisture and nutrients can be withdrawn. 

Fertilizer application at the recommended times and rates would 
facilitate the growth of more vigorous plants with well-developed root 
systems; these would penetrate farther into the soil, tapping moisture 
from a larger soil- moisture zone. 

Control of weeds would eliminate competition Tor available soil ihoEs— 
tore and plant nutrients and would accordingly encourage plant growth and 



2. Cropping systems, including rotation and intercropping. 
Rotation means growing a warm and a cool-season crop, leaving the land 
fallow; or growing a perennial crop in systemized sequence to maximize 
land use. Either procedure would stimulate increased production. Many 
rotations could be developed. 

Intercropping refers to the growing of two or more crops simultan- 
eously on the same plot which do not interfere with each other at harvest. 
Possible examples would be the over-seeding of wheat with clover; a 
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mixture of clover and wheat La a& orchard; climbing beans in maize 
(corn); or the Intermixing of two vegetables. 

Biste constraint (C-5) Runoff Ir r igati on Is not being considered in 
many areas of Afghanistan. 



1. Possible Solution: 
The basic objective of runoff i rriga t i on is the interception of the maximum 
amount of rainfall runoff through impoundment and subsequent percolation 
to and retention within the plant root zone. Hs practice is applicable to 
semi-arid areas with an annual rainfall of at least 100 mm. 

Natural runoff from rainfall is intercepted and diverted to either ml- 
crocatchment areas or to terraces; the areas are bounded by low earthen 
or rock-filled walls. Openings in the walls function as spillways, allowing 
excess water to be released. 

The practice is simple in concept but somewhat sophisticated in im- 
plementation, ft could be considered for some extensive areas of arable 
lands in the country now uncultivated, and it has a potential for materially 
increasing agricultural production. However, climatic and soil conditions 
must be well kacnm and conducive to the practice. Moreover, considerable 
technician and farmer training, as well as continuous supervision during 
the initial years of implementation, should be provided to ensure success. 



VI. POTENTIAL IMPACT OF TECHNICAL PACKAGES 



„_P?Uo?l5g jaztensi^e _?*w|F and discussion of Jhe possible solutions, 

it was concluded that no single solution could be assigned to any specific 
sufasector problem. Accordingly, technical package solutions were de- 
veloped. 

This Section des-crlbes these technical packages, identifies the in- 
puts (technical assistance, commodities, equipment, training, and type 
of financing) that would be required for their implementation, and dis- 
cusses their potential impact on irrigated agriculture in Afghanistan in 
general, and upon the individual Afghan farmer in particular. 

Technical Packages 

1. Inventory . This package represents a long-term program in- 
volving the Ministries of Water and Power, and of Agriculture, plus the 
Rural Development Department. As the Air Authority has the responsi- 
bility for operation and maintenance of meteorological stations and the 
dissemination of data therefrom, it would also participate in the program. 

The inventory package is concerned with the inventory of the natural 
resources of soils, surface water, and gro undwate r, ft would include the 
upgrading of soils laboratories; the expansion to first-class standards of 



the hydrometeorological network and ancillary support services; and 
improving the capability for groundwater explorations to be made. 

This effort would require some Inputs at commodities and equip- 
m ent. T echnical assistance has_beenj«w»ided_inJiie-past,_-and- a _ 

judgment assessment is that more should not be required for initial 
package implementation. Similarly, foreign training should not be 
considered until the project were well underway and specific training 
needs could be more precisely delineated. 

Such an inventory would ultimately enable the na Ion to know the 
extent of these resources so essential to irrigated agriculture, as well 
as providing the means for obtaining basic soils and hydrologic data; 
these data are needed for Improving planning and design operations, and 
could al3o be useml in determining the actual value of Irrigati on water. 

The individual farmer would eventually benefit as the value of these 
resources was finally understood and appreciated, as a more efficient 
use of soils and water would lead to increased production and, ultimately, 
as his income would consequently increase. 

2. System inf radii uclure. This package is concerned with the ap- 
plication of technology to improve and upgrade die irrigation system: 
diverting water from its source and conveying it to the farms within the 
service area being irrigated. K covers the utilization of techniques af- 
fecting diversion and water control for open ditch distribution systems. 



ft assumes an adequate supply of water is available, and in this res- 
pect is relevant to Package I, Inventory. 

Diversion structures could be permanent or semi-permanent. 

Sound hydraulic principles should govern tha <fe«fgq nf distribution 

systems, including terminal facilities, with special emphasis om 0.) 
upgrading of diversion structures; (2) flood protection; (3) water control 
structures; and (4) seepage losses (canal lining). 

Equipment and commodities would be needed as well as in-service 
training programs for professional, sub-professional, and technical 
staff. On-the-job training could be provided by consultants and expat- 
riates. Grant and credit mnding would be needed for the implementation 
of the technical package. 

m addition to the rehabilitation of irrigation systems and a conse- 
quent augmentation of the irrigation water supply, the package would 
provide an additional factor favorably affecting increased yields and im- 
proved quality of crops grown, with the ultimate end of increasing and 
stabilizing the farmers' economy. 

3 - On- Farm lhfrastructnre. On- farm infrastructure is concerned 
with the physical characteristics of aa individual farmer's land holding or 
farm. The elements of on-farm infrastructure included for improvement 
in this package are land levelling, field drainage, on-farm distribution 
systems, and on-farm wells. The improvement of these elements would 



permit the farmer to apply water and other Inputs with greater effic- 
iency. The maximization of these inputs could result in greatly to- 
creased yields with considerably less labor requirement. 

g|eJmplem<Mfe^oa_^^toa_ ^ ... 

would require technical assistance, training, commodities, equipment, 
fending for demonstrations and for intermediate-term credit. The Agri- 
cultural Bank would be the agency responsible for providing assistance as 
well as for implementing tins program- 
In addition to the rehabilitation of irrigation systems and a conse- 
quent augmentation of the irrigation water supply, the package would pro- 
vide an additional factor favorably affecting increased yields and improved 
quality of crops grown, with the ultimate end of increasing and stabilizing 



L Improvement Program . A soil improvement 



would be based on sou" 



management principles, and would promote the 



reclamation of inline or alkaline soils, and the improvement of soil fer- 
tility. Such a program could benefit farmers by increasing crop yields 
and by improving sofl tilth; the latter would enhance water-use efficiency 
on the farm. 

This program would be closely allied to programs for System and 
On-farm mfrastructures. ft would also be related to both Research and 



Extension and Training Programs. 

Inputs tor program iznplementatioa would include technical assist- 
ance; training; commodities; equipment; and ftm«*frg for demonstration 
plots and for credit- resources,, - 

DRA Afinistries and agencies which would be involved in the Im- 
plementation of the program would be the Ministries of Water and Power, 
Agriculture; and the Agricultural Bank. 

5. Research. A strong research program for developing and 
testing varietal response to soil/water/plant and nutrient interactions as 
well as cultural practices would significantly benefit Afghanistan's agri- 
cultural programs. All farmers could potentially benefit by adopting 
more modern farming practices as developed and released by the nine 
research institutes in the country. 

This program is a vital necessity for upgrading the quality of ex- 
tension information to be disseminated to farmers, for developing irri- 
gation and drainage guides, and for testing new technology such as run-off 
irrigation. The program would serve as the font of information used in 
the Extension and Training Program. 

Financial implications are indicated for technical assistance, for- 
eign training, commodities, equipment, and some funding for demonstra- 
tions. The Mzdstry of Agriculture is the DBA agency responsible for 



6. Extension and T ra ining . The Extension and Training Program 
is structured to upgrade the quality of technical advice being given to 
farmers on farming practices in Afghanistan. " 

Both the individual Afghan farmer and the country's farming com- 
mxratty as a whole could benefit from the introduction and adaptation of 
more modern farming practices that would have as their objective in- 
creased yields and production levels. 

This package should begin with a progressive schedule of upgrading 
the skills and knowledge of present cadre and staff through in-service 
training. Further sophistication could be achieved through technical as- 
sistance and foreign training. The program would need support for ac- 
quiring commodities, equipment, and some funding for sponsoring demon- 



Implementation would be effected through the Nfinistry of Agricul- 

7. Groundwater Development . This package is concerned with 
the necessary exploration aad development of wells, springs, karezes 
and galleries; a program for the introduction of artificial recharge; and 
an extensive groundwater testing program. 

The impact of snch a program that would! accrue to the nation 
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would be the Increased knowledge of the groundwater resource potential 
throughout Afghanistan, knowledge that would be of considerable value 
in the more efficient utilization of present groondwater systems; the con- 
trol of pumping and drawdown; and the planning of future irrigated agri- 
cultural developments that woold be dependent upon groondwater resoorces 
either as a prime or supplementary soorce of irrigation water. 

The farmer would benefit from a groondwater program where ade- 
quate supplies of groundwater were discovered through investigation* or 
where present inadequate supplies could be increased through artificial 
recharge. The increased water supplies could improve crop yields and 
bence farmers' incomes. 

inputs required would to small amounts of technical assistance; 
training; and laboratory and testing equipment. Some additional drill rigs 
would be needed to augment present inventories. 

The Ministry of Water and Power would be involved in the program's 
implementation, as well as the Sural Development Department and the Ag- 
ricultural Bank. 



Vm. ADDITIONAL UNEVALJATED CONSTRAINTS 

Although the Team's development of the technical and policy pack- 
ages was influenced by the constraints that have been described in deta*i 
in Section IV of this Report, there are other possible constraints or limi- 
tations, some of a socio, cnltoral nature, which although beyond the 
purview of this Study, should be borne in mind for future reference. 
These unevaluated constraints (insofar as their impact upon the desig- 
nated respective packages is concerned) are outlined below. Some of 
them could significantly Influence any decision concerning the future im- 
plementation of the packages. 

, Traditional agricultural production methods: The insistence of 
farmers in adhering to traditional but outmoded methods of ag- 
ricultural production limits and frequently negates many recom- 
mended inputs. This has been one of the root causes of dis- 
appointing returns on some major irrigation projects. Irrigation 
water is simply one input affecting production: fertilizer, qual- 
ity seed, and good cultural practices are equally necessary, for 
regardless of its application, irrigation water applied to sterile 
sand will not produce a gram of wheat, a boll of cotton, or an 



A^hani3taa desperately needs a program acceptable to Its 
farmers that will induce them to accept progressive agricultural 
practices. 

Water Jaw/water rights/water charges: The Team has been 
shown a translation of a decree setting forth water rights. 
Field trips to several projects, and the reading of reports 
touching on the subject, have been unconvincing that a national 
water law exists, or that water rights are being equitably ad- 
ministered or enforced. There was no indication throughout Af- 
ghanistan that water charges are either being made or are con- 
templated. The absence of these elements, so essential to the 
success of many of the solutions contemplated, constitutes a 
serious limitation to future irrigated agricultural development. 
Soil conservation* The effectiveness of vegetative and mechanical 
measures for protecting water catchment areas against further 
erosion and other deleterious effects of surface runoff would be 
dependent upon concomitant regulatory controls such as restrict- 
ions limiting grazing, wood harvesting, or burning. Such re- 
strictions could engender adverse impacts where the controls 
conflicted with traditional practices. Because the program was 
not considered as significant as other possible solutions studied. 



farther investigation of a sofl conservation program was Aband- 
oned. 
. Land Tenure: Land reform legislation was passed daring the 
drafting T»r (his Report. W full import; and the extent and 
timing of its implementation, were not available to the Team. 
. National energy and material resources: The relaxation of 
present restrictions on energy and material resources, even- 
tually permitting the farmer access to these elements, could 
significantly contribute to his increased production, and conse- 
quently could influence the possible Impact of the packages. 
The technical jmd policy packages have also not been subjected to 
possible UmitationBthat could be imposed by their relevance to the USAID 
Country Han for Program Development, its priority committments, and 
its timing. 
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SUMMARY AND CONCLUSIONS 



There are a large number of weLS, both shallow and deep, in Afghanis- 
tan to augment surface runoff supplies of water for irrigation. In times 
of low runoff wells become an even more important water resource for 
agricultural production. In some areas ground water is the only source 
of water (such as the use of karezes). More wells are going in, the 
tendency is to place emphasis on the shallow hand-dug well to help the 
rural poor. Generally the rural poor are not on the upper end of dis- 
tribution systems and thus suffer from insufficient water. 

Ground water levels are declining in a number of areas and there is fear, 
particularly as more wells go in, that declines will continue. Declines 
are expected in a number of areas that are being planned for development. 

Mr. Asimi, President of Planning, Water and Power, in programs involv- 
ing wells, suggests consideration of artificial recharge (not practiced in 
Afghanistan as yet). Mr. Asifi, President of the AgBanfc stresses the use 
of wells and is concerned about the lack of knowledge to select appropriate 
locations, type and optimum depth of wells, and to predict approximate 
yields. Dr. Raouf, President, Water and Power Engineering Company, has 
also expressed concern over the possibility of declining water tables in 
three areas for which plans are being developed. * Mr. Said of the AgBank 
stated "that a number of farmers want to return their pumps to the Bank 
because their wells have gone dry". 

Consequently, it appears that there fs an Immediate need to arrest the de- 
cline and raise ground water levels, starting in areas where there are a 
relatively large number of farmers, particularly rural poor. To do this 
an exploratory program is needed, using portable small-bore drill rigs, 
to obtain the following inventory to provide information enabling; (1) De- 
termination of depth, extent and characteristics of sut -strata; (2) Delinea- 
tion of the depth and extent of aquifers (water-bearing formations); (3) 
Determination of depths to water, available supplies, and quality; and 
(4) Estimation of the capacity of ground-water basins and safe yields. 

Such investigations enable selection of the best sites, types and optimum 
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INTRODUCTION 



The team leader of consultants from Experience, Inc. suggested that the 
section on ground water, because of its somewhat distinct Dature, be at- 
tached as Annex 1 to the 'Irrigated Sub-Sector Assessment". The writer 
was to Algbanistan from 10/16 - 12/7/78. This section follows portions 
of the "Key Variables" pertaining to ground water as developed by USA ID/ 
Afghanistan, Afghan representatives, and the consultants. Recommenda- 
tions are considered under "Evaluation of Alternative Technical Interven- 
tions" as developed by Am/A. This approach developed a closer working 
and personal relationship with the Afghans that enhanced the work to in- 
crease, among other things, the water supplies for agricultural production 
especially for the rural poor. 

Precipitation varies from about looo mm. in the higher altitudes to as 
little as 20 mm. annually- in deserts of the southwest. Most precipitation 
in the form of snow in the mountains is released through the summer and 
is the primary source of the nation's rivers and augments ground water 
supplies largely by seepage. 

The hydrologic system is composed of ten river systems or major sub- 
systems flowing into four basins (Oxns, Heimiud, Kabul and Hari Rud). 
Only the Kabul outlets into the sea. Some outlet into desert wastes or 
swampy areas. (Using artificial recharge, some of the water wasted 
could be used to augment ground water supplies, particularly since addi- 
tional wells, primarily shallow, are recommended ic a number of areas 
by the Ministry of Water and Power and the AgBankV. 

About 80-85 percent of the population depends directly upon soil and water 
for meir livelihood. The yearly increase in population is about 2. 3%. ft 



la a country that can proudly claim its "fiercely independent", bard- 
working people. About 12 percent of the land (of a total of 250,000 
square miles or 6,444,000 square kilometers) is cultivated at present. 
Increases in this percentage can be foreseen throogh proper management 
of surface and ground waters and the use of artificial recharge. 

Ground water has existed historically and is augmented by seepage from 
rivers, subsystems, distribution systems and unintentional over-irrigation 
by some farmers. As the number of wells increase, the additional ex- 
traction of ground water will necessitate the use of artificial recharge 
methods and systems in some areas as discussed herein. 

ft appears that from historical times to the present, ground water varied 
from mostly low or mildly to highly saline (from various reports and by 
electrical conductivity measurements made by the writer in a field trip 
pH measurements show no alkalinity problems). Unfortunately there is ' 
tibe likelihood thatsalinitv of the soil may increase under present practices 
Excessive irrigation on farms, particularly near upstream diversions or 
near the head of irrigation systems, actually leached salts from the top- 
sod, thus ensuring a better environment for agricultural production. Farms 
lower down have not been as fortunate, particularly from the standpoints 
of lac* of sufficient water and insufficient leaching. (For the technically 
inclined, the leaching requirement, LR, is the electrical conductivity of 
the xrngation water divided fay the electrical conductivity of the drainage 
water.) * ^» 

Needs Based on Ground Water Proble ms 

^^li" 61 ^ to gr ° and water P roblems based on field trips, discussions 
with fi*e Afefaan Ministers and their staffe, and the President of the Water 
and Po*er Engineering Company and some of his staff, and a review of 
literature are? 



1. * Strategic locations and optimum depth of wells, prediction of 
yields (not only for best yields but assurance to farmers) 
Increase yield of kare:.es aad possibly springs and consider 
use of Infiltration Galleries to collect ground water. 
Artificial recharge to augment ground water and thus surface 
supplies to maintain and probably increase agricultural prodnc- 



tion. 



Management to maintain ground water at "safe elevations" for 
supply to wells and to minimize effect of low, surface-runoff 
periods and droughts (includes training of farmers, technicians, 
and extension workers). 



Problems - Use of Ground Water 

There is Insufficient knowledge as to the quantity and quality of the ground 
water and how to effectively use this resource. It will be helpful to cite 
Ministers and members of their staffs (Department G f water and Power, 
and AgBanfc) concerned directly and financially with potentials for maintain- 
ing and/or increasing agricultural production in Afghanistan: "(I) increase 
the supply of water by using more ground water (particularly shallow wells), 
(2) Increase yield of existing fcarezes (underground tunnels that tap ground 
water supplies), -(3)- Improve distribution and management of waferr* 

Excerpts from a report by Azimi (President of Planning of the Ministry of 
Water and Power) and McMillan (Water Resources Engineer) 1377, follow: 
"(1) Agricultural production depends largely upon irrigation, (2) Karezes 
waste much ground water, (3) Most surface water supplies are unreliable 
due to recurrent droughts and insufficient storage capacity, hence the im- 
portance of timely ground water development, (4) Origins of subsurface 
water are mostly from rainfall and snowmelt (proportion sinking into the 
soil often higher in arid regions), also in arid regions ground water storage 
is often the most reliable source of irrigation water, (5) Where conditions 
are favorable, the use of ofte or more aquifers as reservoirs can contribute 
to the improvement of agricultural productivity and can eliminate evapora- 
tion losses, can provide a low-cost distribution system and result in cost 
savings when compared to surface reservoirs, the development of ground 
water supplies must not be neglected. (6) Artificial recharge is recommended 
(not practiced at present), and (7) The M.LS. subsectioa (Minor Irrigation 
Section) concluded that a potential for ground water development exists and 
that farmers are interested in ground water development. n If I recall cor- 
rectly, Mr. Asefi, President of the Agricultural Bank, indicated at a meet- 
ing that additional shallow Wells had important potential. 

On a subsequent visit to the AgBank, Mr. Mohammed Said stated "that a 
number of farmers want, to return their pumps because their wells have gone 
dry. " Dr. R. Raocf, President of the Water and Power Engineering Co. , 
discussed the ground water situation and two members of his staff stated 
that in the three areas for which they are developing plans, similar, problems 
may occur, (artificial recharge should be considered as discussed later in 
this section). 

Water movements through soil and substrata generally have not been related 
to the physical and chemical characteristics of the soil and substrata. Little 
information exists on water movements through soil and substrata and later- 
ally from the ground-water tables. Information could be obtained enabling 
better selection of sites for wells, determination of the optimum depth of 
wells and management of the amount extracted, whether wells are shallow 



hand-dug. shallow or deep bored. 

The Ministry of Water and Power is well experienced in constructing 
hand-dug wells, relatively shallow and deep bored wells, and costs, to 
development of wells, pump tests, and pumpsets required, consultants 
have also contributed to this background. This Ministry also stated 
energy Is not a problem. 

Mora information is needed on the capacity of subsurface basins now used 
(at least that supplying existing wells or those that may be added). Such 
information will be_ vital, particularly, as more wells go in and guides 
are needed as to the type and number of wells installed. The amount of 
water that can be safely extracted to increase agricultural production is 
not available, aor is the amount of water that should remain in storage 
to be used only when it is necessary to minimize the effect of droughts 
on agricultural production. 

Recommendations — Ground Water 

X * Explore, inventory, classify ground water (for ase of wells). 

First, it is desirable to determine the physical and chemical characteris- 
tics of existing ground water basins that are being used and may be used. 
If sufficient logs of existing wells are available it may be unnecessary to 
drill small-bore test holes to augment existing information. These made 
on existing wells are and will be helpful in determining important ground- 
water flow characteristics of a subsurface basin (areas through which water 
flows, slopes of water tables and ability of substrata to transmit water). 
Small-bore holes should be drilled to a depth based on the characteristics 
of the surface and sub-surface materials found (usually about 30 meters will 
be sufficient, as stress is placed on shallow wells, although deep wells are 
cot ruled out). Emphasis is placed on helping the rural poor. 

ft is understood that relatively light, portable drill rigs that may be towed 
are available (about $12,000 has been cited as the cost of such equipment, 
however, additional rigs may be necessary). Holes are drilled usually on* 
a grid system as far apart as possible, (based partially on existing infor- 
mation such as logs of wells, profiles of hand-dug wells, seepage from 
rivers and the hydraulic gradients or slopes of the ground wai.-r table). 
If there is an abrupt change between test holes, a hoie(s) may be drilled 
between to establish continuity cf the different substrata. 

The ground water hydroiogist need be on a site only long enough to select 
locations of test holes and to inspect test samples of materials collected 
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cod to test water samples for quality. En this manner the uydrologist 
may ewer a number of areas in a relatively short time. 

Figure 1. next page, shows a helpful method of plotting stratigraphic 
characteristics or the texture of soil and substrata found (isometric pro- 
jection). Also water levels and permeability designations are noted on 
the figure. Such information is necessary to determine the capacity of 
the basin, at least is the area tested, and substrata that may perch water. 
Data on such a figure permit determination of the hydraulic gradients or 
slope of the groundwater table, (hydraulic gradients along with the hydrau- 
lic conductivity or permeability orthe substrata ancTthe area through which 
water flows are key factors in the determination of: amounts of flowing 
gr<xmd water, use of ground water, rise and fall of the ground-water table, 
reefcirge, "safe" yield, and management). 

Ncihing as elaborate as Figure 1 need be dr-nvn. This figure is a copy 
of a detailed study made by the writer in one area in South America. 
(Such information is also needed for selecting sites for artificial ground 
water recharge.) 

Figure 2, in Appendix 1, has been included to indicate a technical approach 
to estimating the rise and fall of a ground water table. Performance tests 
and monitoring of selected wells are also important indicators of the 
aquifer characteristics. 

An electric logger can be used to determine information on substrria char- 
acteristics and permeabaity, although this approach is not recommended for 
Afghanistan, at least at the present time. 

Information obtained above will indicate the feasibility of not only using 
shallow and other wells, but also using relatively shallow infiltration gal- 
leries (collector drains) or interceptor ditches, ft will guide the locations 
and types of wells used, including hand-dug wells (particularly for small 
farms and the rural poor). Figure 3, Appendix 1, shows a typical design 
of a hand-dug well. The approach given above is an economical one that 
may be used in many agricultural or potential agricultural areas to obtain 
essential data for the conjunctive use of surface and ground waters. 

2. Karezes. 

Figure 4,' page 7, shows a cross section of a fcarez. In specific regard 
to the use of karezes (additional karezes have net been recommended by 
Afghans), it is suggested that consideration be given to enlarging the tumel 
where it contacts ground water, at A in Figure 4, or use a relatively small 
Interceptor there across the tunnel, only if the additional water could be 
used effectively for farming. 

- 5 - 




rtf. I />*y* C 






t'i»aim.'J--.»fBUua 

CAIMUCftlltiCM MtftAMAAFICAt 

tnmmmnc CHMAcnmncs 
«wt*wnrannwm vmumt— ~ 



S?fs. *^,&r+% 







/ =r /$.i&~/ : >e>'rT report &tj /7.<ts a r*sfri fams/is TZkyo /0C5 



rfg '4: ~J<arair-A r freed fa/toe/^ co/tf<3t;f-/'7j? 
.c/ag we// oa</ t-ecAarge, 









lafevfee (/*)fbme&sure/r?ci/£G2£tfte<£>r 2 ~ 




The atonement of grocmdwater Into a tunnel is directly proportional to 
the contact area. However, before attempting to increase the flow of 
* Icarez it should be determined if this will reduce the flow In a neigh- 
boring karez. 

Water from karezes* outlets at 6, Figure 4, water wasted at B, should 
be considered for artificial recharge. Recharge generally could be prac- 
ticed slightly downstream and around or near a shallow well (usually 
hand-dug), C. Figure 4. Whether or not the recommendations concerning 
learezes are feasible at a given location depends on the characteristics of 1. 
' the site. "This approach may permit farming more lancL 



3- Infiltration Galleries 

An infiltration gallery is a horizontal permeable conduit or ditch for in- 
tercepting and collecting ground water by gravity flow and is quite widely 
used (not used in Afghanistan), To be successful it must be located in a 
permeable aquifer with a high water table and fed by an adequate nearby 
water source of suitable chemical quality (parallel to rivers, sub-systems, 
conveyances where depths of 3 to 7 meters are common, greater depths 
usually are not economical). Water entering a gallery or ditch flows to 
a collection sump where it is pumped for use. Based on a field trip, 
suitable sites appear available in Afghanistan. 

For economy, an interceptor ditch sloping downward into a distribution 
system providing water for irrigation can be visualized If conditions are 
right. Small check dams (such as wire-and-rock dams) may be needed 
to reduce velocities in the ditch. 

Yields vary widely, but rates up to 300 liters/sec/300 meters of gallery 
length are not unusual. Further field investigations of potential use are 
necessary. 

4. Springs - to increase flow from springs (as enlarging exit) re- 
quires investigation. 
ARTIFICIAL RECHARGE OF GROUND WATER AND DEVELOP MENT 

Interest in artificial recharge has been expressed by Mr. Asiini, President, 
Planning, Department of Water and Power; Dr. Asefi, President, AgBank; 
and Dr. Raouf, President, Water and Power Engineering Co. Artificial 
recharge is not practiced in Afghanistan. 

Artificial recharge means spreading water on land surface such as 
basins (formed by ridges around land surfaces) or small check dams 
(such as wire-and-rock) in wide, shallow river or sub-system with perm- 



©able beds. Injection methods of recharge includes the usa of pits, shafts, 
and ditches or meandering canals in permeable soil. 

To use additional ground water by installation of wells where there is not 
enough natural recharge can be hazardous. The ground water table will 
decline, wells will have to be deepened, lift costs increased. This had 
happened in the area where the writer lives (the highly productive San 
Joaquin Valley of California, OSA). More and more artificial recharge is 
practiced, particularly during wet years when more surface water is avail- 
able or where there is sufficient stream, flow or flow is wasted or goes to 
less desirable places. ~ - 

A quote from Mr. M. Said of the AgBank staff at a meeting held Nov. 

27, 1978 follows: "A number of farmers want to return their pumps to 
the bank because their wells no longer produce water. - 



Devices Used to Evaluate Potential Recharge Sites 

The evaluation of potential recharge sites and the selection of methods or 
systems of recharge depends upon relating characteristics of surface soil 
and substrata to water movements in soil, Schiff, 1964. Figure 5, page 
7, shows devices already established for testing the surface soil for the 
• best locations for recharge, Schiff, 1364. Clues are first obtained by 
using a soil auger to determine where surface soil and shallow substrata 
are permeable. 

The first step ia selecting sites for artificial recharge in area3 where re- 
charge is needed is to bore boles with a soil auger in likely locations. 
This determines whether or not the soU and shallow substrata have the 
moderate to high permeability required, particularly for surface recharge. 
Site(s) need not necessarily be on the land being farmed but can be above 
where the slope of the ground water table is toward the farming area. 

After possible sites have been determined, the next step is to use about 
three manometer-equipped inffltrometers and a soil-moisture device des- 
cribed by Schiff, 1964. These devices (marked 1, 2, and 3, supplied 
with water from a metal drum) are shown in Figure 5. The covered 
metal cylinder, marked "A" in Figure 5, is the soil-moisture device. 
The devices are simple and inexpensive and are used to determine the 
infiltration curve with time (entry rate of water into the soil), transmission 
rate (actual velocity of water, primarily in the gravity or non-capillary 
soil pores) hydraulic conductivity of the soil (ability of soil to transmit 
water), soil field capacity (amount of water held in the capillary or small 
pores), and soil saturation (total water held by soil when both capillary 



and non-capillary pores are essentially fall of water). A copy of die 
publication referred to above has been left with AID/Afgbanistan. 

The devices described above are used to test water movements in soil 
with a minimum disturbance of the soil, so that the natural forces ex- 
isting, primarily capillarity and gravity, are operative. Figure 6, page 
7, shows a permeameter, designed by Schiff, 1964, for obtaining infor- 
mation on water movements in soil as described above. The device uses 
sofl cores obtained in the field by using a lever device to force thin- 
walled metal tubes into the soil. There is some disturbance of the soil 
but it is recommended over the "disturbed" type-soil sample. ~ " 



Methods of Artificial Recharge include: 

Surface spreading methods utilize basins, furrows, ditches, "wild flood- 
ing" and streams, check dams (example, wire-and-rock dams) in streams 
that are wide and shallow and the soil is highly permeable. Infection 
methods are also used employing gravel- filled shafts (with sand filters), 
pits and trenches. Wells are used sometimes, but this approach is not 
applicable to Afghanistan. 

The basin method is illustrated in Figure 7, page 11. It consists of a 
series of interconnected basins formed by low earth ridges or dikes (can 
readily be done by farmers). Grasses may be grown on spreading basins 
to increase the infiltration rate or entry rate of water into soil. One of 
the best used in California is Bermuda Grass (appears applicable here). 
The grass cover maintains an open friable surface soil of good structure 
and infiltration rates of 1.2 meters per day were obtained even with con- 
siderable sediment in suspension in the water being spread. The infiltra- 
tion rate, using similar water on a nearby basin with no vegetation, was 
about 0.4 meters per day. Figure 8 shows a rise of about 2 meters in 
the ground water elevation in 12 days of basin recharge (neutron probe). 

Another possibility, although recharge is not as great, is to use a crop 
like alfalfa on spreading areas (called replenished irrigation in the United 
States). Alfalfa can take a lot of water and also provide a cash return 
by yielding several cuts as a food for livestock. However, this method 
(as does Bermuda Grass to a lesser extent) permits recharge plus a cash 
return. An injection method of recharge, such as a pit dug to expose 
. aquifer material, may be used in basins where conditions are feasible. 

As water infiltrates into soil the infiltration rate curve will decline as 
shown in Figure 9, page 11. The initial decline is largely due to swelling 
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of soil particles and some movement of soil particles; the recovery Is 
*» to the elimination of entrapped air; the final decline is due to clog- 
ging and microbial activity if a food substance is available iu the soil 
for bacterial activity. Drying causes a recovery in infiltration rate, 
hence the wetting of some basins while others are being dried for recov- 
ery In infiltration rate. 

Injection methods snch as pits, shafts and trenches may be used where the 
topsoH, the subsoil and/or upper strata limit infiltration rates into aquifer 
material. Results from an experimental pit. Figure 10, page 10, were 
reported by Schiff, 1956. The sand exposed is two meters below the soil 
surface. The overall area of the pit is 0. 405 hectares and the sand 
aquifer Is 0.014 hectares. Rates up to 17.7 meters per day were achieved, 
(compared to 1.2 meters for the topsoil) or about 2.48 hectare meters per 
day. For the technically inclined, computations for velocity and hydraulic 
conductivity are given in Figure 14, Appendix I. 

Gravel back-filled shafts placed in channels may be used if characteristics 
so dictate, Schiff, 1956. A square wooden frame with a screen is placed 
over each shaft. Sand is placed in each frame or box. The sand filters 
oat sediments that would normally go into the shaft. Occasionally when 
water is not in the cliannel the deposits on the top of the sand filter are 
scraped and removed. Figure 11, page 10, shows an experimental shaft 
with sand filter. Another approach is to back-fill the shaft with small 
gravel to about 15 cm from the cop and then fill to the surface with sand. 

Other methods of recharge include a canal that meanders in permeable 
soil or a series of ditches, Figure 12, page 10. Figure 13, same page, 
shows small wire-and-rock check dams used in a wide, shallow stream 
with a permeable bed. 

The recharge method or system used will depend on information obtained 
using approaches described in discussing key Figures 1 and S. 

With the information now J.vaUable to the writer, the grassed, intercon- 
necting, basin method appears to offer the most potential for recharge in 
Afghanistan. Perhaps pits or shafts backfilled with sand at the end of 
each or some of the basins, may be a desirable additioo. The roeibod<s) 
or systems selected depend on the soil and substrata characteristics. 
Bermuda grass has increased rates in basins from 0.4 to 1.2 meters per 
day and assimilated "reasonable" sediment loads. Recharge irrigation 
using alfalfa on basins would provide less recharge, but a food for live- 
stock. Here the combination with pits or shafts at the end of each or 
some basins may be a good approach to increase recharge. 



Water Used for Recharge 

tt fa usually desirable to avoid spreading water from initial high runoff 
flows of rivers or streams as such flows contain considerable sediment 
in suspension. However, diversions or pumping (includes floating pomps) 
from the upper part of the flow avoids bedloads and thus much of the 
sediment. 

Since excess surface runoff, gererafly of good quality is used for recharge, 
there is a dilation of salinity of the ground water. This is *n important 
benefit of recharge. 



Work by Farmers 

Farmers could do the work required for shallow wells and construction 
of recharge methods and systems with little supervision after sites and 
approaches are selected. The Interest of farmers in the use of ground water 
has been attested to, work suggested herein provides more assurance of 
success in using ground water. 

Ground water is usually a supplementary supply to surface water in conjunc- 
tive use, although in the highly productive San Joaquin Valley oi California 
about 60 % of the irrigation water comes from wells (more and more artiJcial 
recharge is practiced there). There are many locations in the United States 
where ground water is the main supply of water for irrigation. 



Management 

It is necessary that farmers maintain wells and equipment and recharge 
facilities. Extension servica agents and extension workers could provide 
necessary information. Management is necessary to maintain ground water 
at "safe elevaiioas" through proper use and recharge. This will minimize 
the negative effects of years of low surface runoff and droughts (includes 
training of farmers, technicians, and extension workers). 
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A RECOMMENDATION 



At one time the writer was Research. Leader o£-.an Agriculture Research- 
Service project, U.S. Department of Agriculture, concerned with research 
both theoretical and applied, in determining the effect of the physical, 
chemical and biological characteristics of water and soil on water move- 
ment in soil and substrata, particularly as related to artificial recharge, 
but also applicable to irrigation and drainage. Three men formed a 
starting nucleus, a bydrologist (surface and ground water); a soil scientist 
(physics and chemistry) and a soil microbiologist (microbiology and soil). 
In time a few other scientists were added. Cooperatora were the Califor- 
nia State Department of Water Resources and the University of California 
at Davis. 

Such a starting nucleus (possibly adding an irrigatiooist) of Afghans to 
study water and soil resources, and relationships mentioned above is recom- 
mended for Afghanistan. It could be a cooperative effort of some of the 
Ministries. This will produce information on natural resources and irri- 
gation invaluable to Increasing agricultural production in Afghanistan. At 
the start, such an effort could be aided by trained scientists in these 
fields from another country. 



IRRIGATED SUB-SECTQB ASSESSMENT 



Use of Ground Water and Recharge 
to Increase Agricultural Production 
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AMKEX la 

THE POTENTIAL IMPACT OF "TECHNICAL PACKAGES* IN GROUND WATER 

EXPLORATION AMD INVENTORY. DEVELOPMENT. AND RECHARGE^ 

BY 

Leonard Schiff, P.E. 

Consulting Hydro logist and Agric. Engr. 

Before discussing ground water technical packages it will be 
helpful to consider tshat is happening in Afghanistan. Sone 
stateaents Made by Afghans follow and are revealing: "there 
is- -insuffcient water (yet runof f-±ar wasted to "deserts" and"' 
swamps), increase the supply of water by using wore ground 
water (particularly shallow wells), increase yield of exist- 
ing karezes and use their waste flows, improve distribution 
and management of watexf Quotes froa a few Afghans from Min- 
istries follow: Mr. Said, Ag Bank, "a number of farmers '.want 
to return their pumps {to Ag Bank) because their wells have 
gone dry"; Mr. Asifi, President of the Ag. Bank indicated at 
a cseeting that more wells are needed but should be based on 
a sound development program {it seemed he stresses shallow 
wells, although did not rule out deep wells, largely to help 
the rural poor); Mr. Azimi, President of Planning, . Dept. of 
Water and Power mentions in a report "the importance of time- 
ly ground water development, points to ground water as often 
being the roost reliable source of irrigation water, aquifers 
as reservoirs to improve agricultural production and cost 
savings when compared to surface reservoirs, ground water 
supplies must not be neglected he states, and recommends arti- 
ficial recharge" ; (Artificial recharge is not yet practiced in 
Afghanistan ) . 

The M.I.S. concluded that a potential for ground water devel- 
opment-exists and that farmers are interested, (but want more 
assurance of success). Dr. Raouf, President Water and Power 
Engineering Co. along with two members of his staff stated 
that they are developing plans for three areas and are concern- 
ed about the possible decline in ground water tables as pumps 
go in. 

Potential Impact of "Technical Packages" in Ground Water — with 
the foregoing in mind the technical packages involving ground 
water may be divided into three parts, namely: (1) Exploration 
and Inventory; (2) Development} and (3) ftrtificial Recharge . 
A description of items (1), (2), and (3) follows: (i) Explor - 
ation and inventory: Ground water levels are declining in a 
number of farming areas as attested to by the statements given 
above and the call for artificial recharge. It is now impera- 
tive to determine the physical and chemical characteristics of 
existing ground water basins that ere being used, on a priority 
basis, stressing areas with a large number of farmers and rural 

1/ Accompanies "Irrigated Sub-sector Assessment* Annex 1 enti- 
tled "Use of Ground Water and Recharge to Increase Agricult- 
ural Production by Leonard Schiff, Kabul, Afghanistan Decem- 
ber. 1978 



poor (80-85 % of the people make their livelihood off the lend). 
To eogeent xnforeetion that no* exist, on log., profile. "Swell 
te.ta. portable .-ell-bore, teet, drill rig. ehoold be ueed Z 
•tretegic location. Fro. thi. information .tratigraphic charl 
•cterisie. -ay be plotted (texture of .ub-.trata. particularly 
•quifer .at.ncl it. depth and extent), depth end extent of 

112"? ?**"' qu ! 1 t! y ° f 9r ° und * ator notBd ' Present use rale- 
ted to the amount that can be extracted "safely", and the effect 

p-rSrof^cLSf" 98 estiwated (usina surface runof * **»? - 

Technicel Assistance^ teat hole sites should be selected bv e 

ofsetnid'f^*- 01091 ^ baS ^ °" *««ting- date and -inspection 
of selected far-xng areas. Technically-trained Afghans should 
accompany thehydrologist as part of a training course; commo dit- 
ies, needed ere containers to colleot soil and water samples at 
^-?^I 1Cant * han * es in substrata, a small kit for testing water 
quality such as salinity and alkalinity, and sow sieves. Eguin- 
meo£ includes small-bore, test, drill rigs. A rig with to w ' car 
costs about $12,000 (a three-man crew is needed far each rig now- 
eyerone rig can cover aa appreciable area in a relatively short 
time), financing could co«= from credit and/or reimbursement. 

The potential impact would be f a r reaching t proper location of 
wells, types and optimum depths and spacing of wells. Approxima- 

^*?L+°!J 5' " ade ° f ^ ieldS to be ex P«cted. effect on water table 
estimated and anounts of recharge needed. 

(2) Development : At present there are numerous wells, karezes. and 
springs being used in Afgnanistan that have additional potential 
for development of ground water. The writer also recommends con- 
sideration of Infiltration Galleries and ditch interceptors, and 
has stressed the need for artificial recharge. The potential im- 
pact mentioned above applies here. Also karezes waste a great 
deal of «ter particularly during non-irrigation periods, this wa- 
ter could be used for recnarge in many areas as a supply for shal- 
low well(s). Springs may be developed to yield more water where 
™^ XO " S ""'J*?*- * fi8xd triD rev =aled good possibilities for 
considering Infiltration Galleries or interceptor ditches. A ground 
water hydrologist using a soil auger coeld determine potential af- 
ter establihing the gradient (slope of water table) and hydraulic 
conductivity (ability of soil to transmit water). Consideration 
could be given to putting an interceptor acrossfthe head of a kar- 

« (at the bottom of the Mother Hell) to increase flow for addi- 
tional farming if it is found desirable and feasible in a given 
location. This would be based on existing data and on minor tests 
Technically one or two Afghan technicians could work with the hy- 
drologist for training. Epuipment would be small, portable, and 
inexpensive. Financing, although relatively little would be re- 
quired, could be by credit of reimbursement. 

(3) Artificial? r>rh,r r is a Bu3t in the writer t a pi nion p as pre _ 
sent natural seepage or unintentional over-irrigation are not ar- 
resting the decline of ground water tables in many areas (or the 
decline that will occur as more wells go in). Artificial recharge 
•imply means putting excess runoff water underground, now much of 
it wastes to deserts, swamps or less desirable places. Recharge 
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ia eccomplised by surface methods (auch as grassed basins, formed 
by simply building ridges around land surfaces) and by injection 
methods (pits, gravel backfilled shafts with sand filters, ditches) 
op combinations of surface and injection aethods. Another approach 
iS sver-irrigation of a crop like alfalfa grown on basins (with or 
without a pit or soae injection method, based on characteristics 
of the site). This provides a two-fold benefit— recharge end a 
cash return or food for livestock. Equipment used includes (a) 
equipment or results under (1) above , exploratory and inventory 
and a few manometer-equipped infiltrometers and a small aoxaear* 
measuring device (all simple, quickly used equipaent of low coat), «. 
and possible to save laboratory work, a saall portable oven, (b) 
The equipaent and approaches could readily be used by technicians 
who would accompany the ground water hydrologist at the start. 
Here again sites should be selected by a ground water hydrologist 
at least at the start of such a program. (c) Vhe saall amount of 
financing that would be required could be by credit or reimburse - 
meat. The writer considers the use of ground water and recharge 
a must for Afghanistan to increase agricultural production in the 
short and long terns. Details of much of the foregoing is discuss- 
ed in Annex 1, attached to the overall section on Irrigated Sub- 
Sector Assessment. 

Dec. 5, 197B 
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INTRODUCTION 

As a result of technical meetings, review of available 
data and field trips, this Annex, "the Role of Soils 
in Land Development to Increase Agricultural Production" 
was prepared. 

Afghanistan depends mainly upon agriculture for its econ- 
omy. While there is wore than one Ministry to deal with 

water, soils has been left as_an_"orphan"!__with vecy_J.ow- 

voice within both "the Ministry of Agriculture and the 
Ministry of Hater and Power. Consequently, little atten- 
tion has been given to soils since PAO has completed the 
land survey in 1963. Since then soil activities have been 
confined to a very few localized surveys for project devel- 
opment. The lack of recognition and the understanding of 
the fertility aspects of the soil in Afghanistan has re- 
sulted in the deterioration of the productivity of the land, 
spread of salinity and alkalinity, and decrease in fertility 
due to poor management in all aspects. 

Therefore this annex focuses on the role of soils in land 
development to increase production in Afghanistan, and 
menticnsat least these main areas in the methodology of 
this presentation: 

• The general description of the soils in Afghani- 
stan - so that their potential in natural re- 
sources can be recognized, and their relative 
quantitative effect can be evaluated in project 
development. 

• The second main area deals with the management 
and the fertility aspects of soil to increase 
agricultural production. The decrease of fer- 
tility levels and increase of salinity and alka- 
linity and fertilization are among the subjects 
treated in this context:. 

• The third area deals with the role of soils with- 
in the farm infrastructure, and farm practices. 
Soil-plan t.-water relationships are a" - --vered. 

• The fourth area described is the soil laboratories 
which are the only tools left to look into that 
subject. They point out production capabilities 
of the soil, diagnose the defects and prescribe 
the remedial measures. Establishment of a 
salinity laboratory is considered vital. 



Finally, the report suggests certain corrective 
measures related to each of the above areas 
and suggests projects or programs to remedy the 
situations as solution interventions. Research 
training and extension are also included. 



ii. son.s :-s 

A. General Physiographic Features ~| 

The streams of the country run in Long or short narrow or ..jj 
wide valleys separated by hills and ranges- These valley ■'% 
soils are of alluvial, colluvial or mixture origin and . .'• 
are calcareous and non-calcareous. The texture varies 
from coarse, medium and loamy and have varying depth, a 
_ . f ew-have-heavy— texture . - In-most of - the cases- the-internal 
and external drainage is good- In general, there is a 
distinction of three terraces, i.e., terraces, foothill 
areas and plains. This type of formation leads to diff- 
erent soils. Consequently their management should also 
differ. Soil properties are different and their suita- 
bility for different types of development is likewise 
different. Many soils show distinct degrees of salinity 
especially those in the low lying areas. 

In all areas, there is a variable portion of the valley 
land that would benefit by additional irrigation should 
the water be available. There are also a great many 
irrigable soils that are badly managed or have deterior- 
ated and in which high water tables and patches of 
salinity are widespread. It was observed that if soils 
upstream are added to the irrigated land, the lower reaches 
of other valleys might turn saline or if they are now in- 
tensely cultivated they may deteriorate unless proper 
management and drainage are considered. 

In some cases a gravelly layer can be seen in areas right 
on the foot-hills whereas in other cases gravel forms the 
valley bottoms. Soils with these characteristics are not 
suitable for irrigation. Possible alternate use as 
pastures should be considered. There are also areas which 
show certain limitations which if corrected would put the 
soils in a higher class of productivity or make them suit- 
able for irrigation. 

In other instances where the elevation is high and coupled 
with fairly logical gradient, the valley is physically 
divided into 2 or 3 soil varieties. The upper land is 
cultivable for intensive agriculture, and the middle land 
is probably cultivable also; however, the lower portions 
will be at the mercy of the intensity of the flow. Con- 
sequently the cultivation and production patterns are varied, 
among the three soil identities, and each one also varies with ; 
respect to time. -J 



One encounters soils that are saline to a preventative 
degree to cultivation, and others in which salinity is 
somewhat tolerable and yet others in which only patches 
near settlements couid be cultivated. 

Some valleys are characterized by very recent immature 
soils and in order to irrigate these soils, especially 
in narrow portions, infiltration galleries (karez) and 
wells are used- Erosion has decreased the irrigability 4 

of tbese .soils. _Their_suitability— for cultivation- is ^ 

thus limited to low water requirement and salt tolerant 1 
crops. \ 

Some saline soils being a part of a tectonic basin have 
internal o.rainage. These can be added to agricultural 
development if an underground water scheme can be launched ' 
to irrigate them and reduce their salinity. 

Some fans like the Farah River alluvial merge into the 
saline and gravelly desert north of the Helmand Depression. 
There are indications that cultivation formerly extended 
over large areas that are now saline. Better water manage- 
ment and soil reclamation practices are needed to increase 
the cultivable area. 

Seme basins can be cultivated with more profitable crops, 
but are used only for pasture at present, while others can 
be more profitable if only restricted to pastures. 

In some large valleys, cultivation is found to be confined to 
its terraces as the surrounding slopes are composed of 
stony material or outwash fans. Deep valley soils derived 
from alluvium, colluvium and loess can be very well cul- 
tivated. Sometimes the quality of water is the limiting 
factor unless the soils have good internal drainage. In 
these cases, if an intensive program of cultivation is 
adopted, improved drainage and land management programs 
must be followed. 

H - L and Classification 

Certain wadies or valleys were surveyed in Afghanistan by 

nn FAO reconnaissance team in 196 3. The soil classifications 

were based on relevant soil cnaracteristics -including 

the morphological features of the soil profile, the -: 

thickness and texture, the nature of the underlying -i x 

materials, rate of percolation and water holding capacity, % 

degree of salinity, erosion, slope and susceptibility to ■'■% 

floods. 3? 

J 
The following soil classes cf the surveyed areas are as | 
given in Tables A2-1 and A2-2 : '.jf 



I. Very suitable for irrigation 

II. Moderately suitable for irrigation 

III. Marginally irrigable land 

IV. Non-arable, not suitable for irrigation 
except under special conditions, for 
irrigated pasture 

V. Non-arable, undermined suitability for 
irrigation 

VI. Non-irrigable land. 

The above six classes are subdivided to include these 
subclasses as limitations; 

- Limitation due to salinity 

- Limitations due to texture, depth, permeability 
and /or inherent fertility 

Topographic limitations such as Steepness or 
irregular slope and erosion 

Wetness, drainage or flooding problems and a 
high groundwater table. 

C. Inventory and Classifying Soils 

In agriculture, water and soils participate in plant growth 
and crop production. Water can be identified and measured 
or approximated in Afghanistan, while soils are not well 
described and identified as a natural resource. Soils as 
a medium for plant growth are the limiting factor for water 
usage and crop production. 

The quantitative and qualitative chemical and physical 
properties of the soil determine its productive potential. 
The determination of these properties is required to 
program nutrient requirements for different plants, orchards 
and trees with plant feeding material. The lack of these 
nutrients will cause plant deficiencies, however they can 
be replenished by fertilizers. The physical properties 
of the soil play a determined role in water regimes in 
land use. 

The evaluation of the relief, topography, stratification, 
texture and structure is essential for land and soil utiliz- 
ation before investment in development can be made. They 
may be limiting or prohibiting factors in the development 
of the land when it is put under cultivation. 

There is a difference between land use and suitability of 
the land. The land can be used for a given crop, but may 
probably suit the production of better cash crops, fruit 
trees or orchards. This has never been determined in the 
country. 



Properties of the land are needed for hydrology groundwater 
study - roads, construction, cities, farming, factories. 
The magnitude and extent of its properties decide its future 
usage. Soil surveys are meant to identify soils of same 
properties together. Surveys have different degrees to 
identify soils of same properties together. Surveys have 
different degrees of refining and detailing. They are a 
reconnaissance as those made by the FAO in 1963.- semi- | 
detailed for project identification and feasibility studies, | 
- -or- detailed for- project- exeeution-r — Specific-surveys are tailor 
to specific objectives such as reclamation surveys, and -\ 
suitability to specific crop surveys, etc. Table A2-2 ] 
illustrates the basic triangle used in soils classification. 1 

After soil survey comes the capability classification - 
criteria for soil capability classification is different 
from location to location. . Following the capability 
classification is the soil evaluation or value. 

In Afghanistan only a broad reconnaissance soil survey 
that is not adequate for judging soil potential is made 
for certain localities or wadies. It is too general for 
definite conclusions or agricultural development- As a 
result, the inventory of the main and only critical com- 
ponent in the national wealth of the country has not been 
determined. Consequently, any planning is not judged 
properly. The fact that some ocassional localized surveys 
are made with certain depth does not substitute the need 
for at least the capability soil survey, nor does it 
quantify the wealth of the soil as a natural resource. and 
as a limiting component in agricultural production in 
Afghanistan.. If time does not allow the execution of a 
detailed survey, the least that needs to be done under 
the circumstances^ is a short term soil capability 
classificatxon to determine with a considerable 
degree, the most suitable land for agricultural projects 
and to insure our suecess in agricultural development. 
This quick capability survey can be carried out in less 
than a year. It is meant to evaluate the main parameters 
of potential among the different soil bodies. 

D. Some Soil Physical Properties and their Determination 

The following are three main points related to soil water -i 
properties : : 

1. Infiltration rater, for the main soils in Afghanistan 
lie within these categories : 

a. Loamy textured, light medium soils, reflect 
good permeability, easily and rapidly absorb 
the water applied on the surface during irri- 
gation period. They conserve water if there 



is an adequate supply for the normal 
growth of the crop. 

b. Heavy textured soils which are low in 
organic matter in the uoper horizon, 
have low permeability- 'in contrast, 
light sandy loams or sandy soils will 
let the moisture move quickly through 
the soil mass below the root zone into 

- • -lower horizons- — J Th±s ~isone"of"the _ 

main physical points to consider- Ex- 
amples of this are the soils of the 
northern parts of Chazni and Jilga 
Valleys. 

The infiltration rate for 5 hours was measured at 
-37-. 38 ram/minute, then falls to .29 and remains 
steady. Loamy non-saline soils in this region have 
more organic matter than many other parts of the 
country. This can indicate the suitability of these 
iands for development. Some higher filtration rates 
can reach .45 mm/minute . 

Infiltration rate for salty soils differs from the 
non-salty soils for the given class texture they 
belong to. 

2. Field capacity of the mainr.soils are also expected 
to vary within the country. The heavy textured 
loams with low organic matter content and non-saline 
soils will show low field capacity. 

The. field capacity for loamy soils in Afghanistan is 
in the range of 21-2 3% (on dry weight basis) . Light 
textured and non-saline soils have lower field caoacity 
ranging from 16-18%, while salty soils and fine tex- 
tures show it generally high. Loamy soils are character- 
ized by higher field capacities 23-32% (due to salt 
hygros capacity of MaSo4,MgCl2, CaCo2r etc.). 

3. Volume weight: Normal soils show volume weight to be 
1-34 - 1.35 gm/cm . This degree of compactness allows 
for air and water permeability as well as for a microbial 
process. If the volume weight values increase with 
depth the soil will have an unfavorable effect, say 
if it goes to 1.40. This results in a reduction of pore 
space, and consequently does not allow the moisture 
to move properly through the soil mass. This can 
result from repeated plowing to the same depth and from 
irrigation. 

Volume weight in the soils of Afghanistan can vary from 
1.25 - 1.6 or sometimes 1.7 gm/cm3. This high compac- 
tion reflects clay content in the soils and a high 
mineral content. Volume weight is lower in the salty 
horizon than in the rest of the profile- 



Volume weight in the soils of Afghanistan can vary from | 

1.25 - 1.6 or sometimes 1.7 gni.cm3. This high compac- '?, 

tion reflects clay content in the soils and a high ' 

mineral content. Volume weight is lower in the salty i 

horizon than in the rest of the profile. { 

Water storage capacity cu m/hec.i 

0-50 cm. dept h 0-100cm. depth 
Farah Rud (1428-1628) 2868-3168 

Hari Rud 1485-1702 2939-3537 

4. Determination 

a. Soil permeability determination to be performed in 
sites maintaining a constant head of water within 
two cylinders concentrically placed on the surface 
of the soil. 

b. Field capacity should be determined on a flat plot 
of soil 2m x 2m, apply water at the rate of 20Q0 
cu m per hectare. The plot surface is protected 
from evaporation - within 2 to 4 days depending 

on the soil texture, soil .samples are taken for 
moisture determination for successive layers 20 cm. 
each to a depth of 1 to 1.5 a. made by standard methods 

c. Volume weight preferred to be determined on un- 
disturbed soil sample by using a small metal 
cylinder of 100 cm-* capacity. 



Ill- SOIL PRQDPCnVITif CAPACITY 

A. Quality of Soil and Water 

In most of the lands in Afghanistan the quality of 
either the soil or the water or sometimes both, is 
not good enough to produce an optimum yield without 
the adoption of reclamation measures or special 
management practices. Salinity and alkalinity are 

among these unfavorable land- characteristics "responsible 

for this requirement. In addition the deterioration 
of agricultural production on previously productive 
lands is mainly attributed to the development of 
salinity and alkalinity. 

The lack of awareness of the problems of salt affected 
soils where conditions permit their formation and of nec- 
essary* reclamation measures is one of the main factors ' 
for the failure of irrigations projects; however, early 
prediction of these hazards helps the timely setting 
up of land protection programs. 

Successful programs must be based on knowledge of the 

factors involved in the formation and development of 

salt affected soils and on the adoption of a good 
methodology. 

These factors are natural and man-made. They are 
dependent on man to improve or worsen the situation 
in the land. They are functionally interrelated and 
thus should be treated in an integrated approach. 
These are; 

Land Levelling 

Land levelling is important for efficient water dis- 
tribution by surface methods. Improper land levelling 
can create a micro relief; variation in depth and 
homogeneity of soil profile, and pulverization of the 
fine sandy material and changes in the soil structure. 

Changes of the micro relief in the order of less than 
one foot of soil (30 cm.) will result in an increase 
of salt content in the raised spots and better leaching 
in the dips. The spotted salinity patches in poorly 
levelled soils are a result of that. With repeated 
land shaping before cropping and as the development 
of the land proceeds, the micro relief variation dis- 
appears. The changes in depth and homogeneity of the 
soil profile as a result of land levelling depend on 
topography, original soil depth, and nature of strati- 
fication and size of earth moving. Where shallow pro- 
files or relatively less permeable layers are exposed 
close to the surface, the chances for development 



of salt affected soils become much greater than in 
the case of deep and homogenous soils. Variations 
in soil depth are not easy to correct. Therefore 
improper land levelling operations associated with 
shallow profile formation should be given more con- 
sideration in soil management. Calcareous soils and 
fine textured profiles (high in silt content) are 
affected by land levelling. Pulverization of the 
soil material, breaking of aggregates and compaction 
.. al'u?x -the pore- sii.e distribution and decrease- soil 
permeability. Such alterations would slow down; 
water movement, reduce leaching of salts, encourage 
water logging, and consequently buildup salinity. 
Costly ameliorative measures have to be taken to 
correct these undesirable effects if improvement 
of aggregation and permeability cannot be achieved 
by normal cropping operation practices. 

Tillage 

This operation is carried out for numerous reasons in- 
cluding seed bed preparation and improvement of soil 
permeability. Tillage can increase salinity through 
its relationship with vertical distribution of salts, 
depth of tillage and soil stratification, soil moisture 
at time of plowing, tillage machinery and implements 
and timing of tillage. 

Planting 

Planting techniques and positions vary with type of 
crop and can be modified to overcome unfavorable con- 
ditions for germination and seedling growth. It might 
be most useful for Afghanistan to follow or test these 
following practices which indicate a decreasing order 
of harmful effects of salinity on plant stands: 

Plant on top of a single row bed 
Plant near edges of a double row bed 
Plant on side of a sloping bed 
Plant in irrigation furrows 
Broadcasting or drilling of seeds on 
flat fields followed by heavy irrigation 

Soils of high alkalinity and salinity are characterized 
by low permeability and susceptibility to water logging. 
Row crops should be planted on high beds to reduce the 
harmful effect of water logging. The amount of seeds 
required for planting a given crop in a salt affected 
soil is higher than on a normal one. Also, a decrease 
in the percentage of emerging seedlings and a delay 
in emergence are to be expected. 



Observations of the above relations would be helpful 
in the identification of the advancement of salinity 
and alkalinity problems, it would be valuable to 
keep records of the amount of seeds, percentage of 
emerging seedlings and time of emergence. 

Mulching 

This practice helps to reduce water lost through 

_ e ¥3fP°?ation _by_ disrupting capillary continuity- on 

the soil surface. Generally, the effectiveness 
of mulching depends on the depth to water table, 
porsj size distribution, climatic conditions and 
crop cover - 

Fallowing 

Under conditions where water is a limiting factor for 
crop production the land may be left fallow for 
some time; which is done to increase the soil water 
reservoir to benefit subsequent crops (as in dry 
farming) , or until an adequate water supply is 
available (in irrigated farming) . Measures should 
be taken during fallowing to reduce evaporation and 
consequently, salinization. 

The effectiveness of fallowing depends on other fectors 
including the depth of the water table, quality of 
groundwater, soil properties, climatic conditions, and 
length and frequency of fallowing. Evaporation from a 
dry surface of fine sandy loam, like many soils in 
Afghanistan, would proceed at a rate of about 8.3, if the 
water table is kept at 90 cm- and 1 mm/day when at 
180 cm. This indicates the importance of the water 
table depth factor and the danger of fallowing where 
a shallow water table exists. 

Fallowing should be considered for reducing water loss 
by evaporation, reducing salinity, as well as increasing 
salinity. in the latter case the depth and quality - of" " '' 
ground water are the most important parameters. 

Application of Manures, Fertilizers, and Amendments 

Manure and fertilizer are added to soil to increase its 

productive capacity. Amendments are applied to correct 

the harmful effect of the physical and chemical properties 
of the soil. 

Manuring improves the physical condition of the soil 
and enhances leaching of salts and drainage of wet 
soils. It also has a high nutritional value. In 
certain soils green manuring is very much recommended. 



Fertilization is an important factor in crop production. 
The chemical compost ion of fertilizers, solubility, 
rate of release and the methods of placement, especially 
in the early stages of plant growth are factors to be 
well understood in this connection, especially with 
regard to increase of salinity. 

Crop Rotations "*, 

Factors governing- crop rotation are mainly the 
availability and adequacy of soil and water resources, 
suitability of the crop to the prevailing climatic 
conditions and assurance of an economic return. In 
a reclamation rotation, the suitability of the crop to 
the soil and water qualities are very important. Under 
conditions that encourage salinization, crops should be 
selected on the basis of their salt tolerance and their 
effect on the salt balance in the soil. For alkali soils, 
these should be selected on their tolerance to the sodium 
ion and to the adverse physical conditions. Plants differ 
also in their water needs in quantity and frequency. 
Therefore, it is to be expected that salinity of the soil 
will be affected differently under different crop 
rotation and vice versa. For example, the salinity 
will be higher after a rotation of cotton - cotton, 
than a;ter berseem-cotton-beans , or cotton-berseem-rice - 
Crops with a long duration of evapotranspiration will 
cause, in the absence of proper, leaching practices, ac- 
cumulation of salts in the root zone, while crops 
such as berseem, rice and others requiring frequent 
irrigation reduce salinity effectively, especially where 
there is adequate drainage. 

Therefore, the knowledge. 'of the salt balance under various 
crop rotations is very important in order to curb the 
increase in salinity or alkalinity. Continuous monitoring 
cf salinity and alkalinity after each crop or at least 
a rotation not only creates awareness of a potential 
problem but also helps to re-evaluate the management 
practices associated with the cropping system. Crop 
performance and yield are good indices of the improvement 
or deterioration of the production inputs including soil i 
conditions. ''\ 



IV. SALIHE AND ALKALINE SOILS 

These sequential guidelines are bases for diagnosis 
and remedial measures in salt affected soils in 
Afghanistan. 

A. Origin and nature of saline and alkaline soils % 

1. Sources of soluable sal'is 3 

__. 2.- -Salinization of soils ~ " ~}~ 

3. Alkalinization (accumulation of ex- 
changeable sodium in soils) 

4. Characteristics of saline and alkaline 
soils; saline soils; saline alkaline soils. 

B. Determination of the properties of saline and 
alkaline soils. 

1 . Sampling 

2. Estimation of soluable salts by electrical 
conductivity 

2. Chemical determinations; ph, soluable cations 

and anions; soluble boron; exchangeable cations, 
gypsum, alkaline-earth carbonates 

4. Physical determinations : infiltration rate; 
permeability and hydraulic conductivity; den- 
sity and porosity. 

5. Choice of determinations and interpretation of 
data; equilibrium between soluble and exchange- 
able cations; factors that modify the effect of 
exchangeable sodium on soils. 

C. Soil management in relation to salinity and Alkalinity 

1. Irrigation and leaching in relation to salinity 
controls irrigation; leaching requirement; leachin 
methods; leaching in the field and trials; 
special practices for irrigation to prevent in- 
crease of salinity. 

2. Drainage of irrigated lands in relation to salinifcsi 
control: Drainage requirements; water- transmission 
properties of soils; boundary conditions; lay- ;| 
out" and placement of drains; techniques needed 3 
for drainage investigations such as measurements 
of hydraulic head, determination of subsoil 
stratigraphy, determination of water-trans- 
mitting properties of soils. 

3. Chemical amendments, for replacement of ex- 
changeable sodium: Solubility of various 
amendments under different soil conditions; 
soils containing alkaline-earth carbonates; 
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soils containing no alkaline earth carbonates 
with ph 7.5 or higher and with ph lower ^n 
7.5. Estimation of amounts of various amend- 
men to needed for exchangeable sodium replace- 
ment; speed of reaction of amendments and eco- 
nomic considerations; application of amendments. 

4. Laboratory and greenhouse tests as aid to 
diagnosis. 

5. Reclamation test in the field. 

6. IDENTIFICATION. OF RECLAMATION PROJECTS IN 
AFGHANISTAN 

Plant response and crop selection for saline and 
alkaline soils in Afghanistan 

1. Significance of indicator plants for saline 
soils 

2. Crop response on saline soils; salinity and water 
availability; specific ion effects esp. Na, CI, 
Bo, bi-carbonates. 

3. Crop selection for saline soils: germination; 
relative salt tolerance of crop plants; relative 
boron tolerance of crop plants. 

Quality of Irrigation Water 

1. Characteristics that determine quality: electrical 
conductivity; sodium absorption ratio; boron; 
bicarbonate . 

2. Typical waters 

3. Classification of irrigation waters; salinity; al- 
kalinity; diagrams for classifying irrigation waters 
on conductivity and sodium; effect of boron con- 
centration on quality; effect of bicarbonate ion 
concentration on quality. 

4. Additional water for leaching; It is the extra 
amount of water that must be applied and percolate 
through the active root zone to prevent excessive 
accumulation of salts. It is calculated through 
the equation: LR = |Cw_ x 1Q0 

where ECw is the electrical conductivity of irriga- 
tion water and ECdw is the electrical conductivity 
of drainage water. LR is the leaching requirements. 



WATER QUALITY 

A. Introduction 

Apart from the quantity of water and its effect upon the 
agricultural development in Afghanistan, the quality of 
water plays a very decisive role. Water quality has 
an effect upon soils and crops, and on the management 
that may be necessary to control or compensate f or J:he 
water~qualityTrelaT:ed"probleras^ 

In Afghanistan, downstream water from the different 
rivers, or that which is pumped out of wells from under 
the ground is never pure and always contains measurable 
quantities of soluble salts. In some cases these ex- 
cessive salts have proven harmful. 

Soils and crops are affected in different ways by ti- 
different kinds of salts in the water. A periodic water 
analysis is n eeded to determine what types of salts are 
present. Then these must be evaluated in terms of their 
expected impact upon the soils and crops. 

Water analysis should include measurements of total 
soluble salts by means of electrical conductivity, sodium 
calcium and magnesium, chloride, sulphate, carbonate and 
bicarbonates , and other specific constituents such as 
boron, nitrates, iron and ammonia. 

B. Evaluation of Water Quality 

The interpretation of the water analysis can be made 
to cov^r these problem areas. 

1. Total Salinity: This is caused by the total soluble 
salts and is measured by electrical conductivity. 
Total salts have a direct effect upon crops. 

2. Permeability effect: This is measured by comparing 
the relative quantity of the sodium present in 

the water to the calcium and magnesium. 
Poor permeability makes it more difficult to supply 
crops with the water needed for good cropping. It 
also adds to the waterlogging, salinity, weed and 
nutrition problems. It should be rem emb ered that 
carbonates and bicarbonates play a role in permea- 
bility status. 

3. Toxicity of Specific Ions: Boron, chloride and 
sodium are the most common ions known to have 
direct toxic effects on crop growth. 



4- Other Problems: These include the increase of 
acidity or alkalinity of the water, and vigorous 
growth due to excessive nitrogen, etc. 

C. Guideline for Quality Interpretation for Irrigation Water 

In this gu aline, three areas are recognized, no 
problem, increasing problem and severe problem areas. 



SRUNTTZ 

BC of irrigation water 

PFRMT &RTT.TT V 

BC of irrigation water 
adj SftR* 

SPECIFIC ICH TOXICITY 
Fj.t-rfi Root Absorption 
Sodiun (ad j SVR) 
Chloride meq/L 

mg/L or ppn 
Boron mg/L or ppm 



0.5 
6.0 



3.0 
4.0 



0.5 
6.0 - 9.0 



0.2 
9.0 



1.5 - 8.5 


8.5 


90 - S20 


520 


6.5 - 8.4 


- 



3.0 - 9.0 9.0 

4.0 - 10.0 10.0 

142 - 355 355 

0.5 - 2.0 2.0 - 10.0 



NH4 - N mg/L or ppa 5.0 
M>3 - N for sensitive crops 
HCO3 raeq/L 1.5 

mg/L or ppm 90 
PH lfe normal 

*adj SR = Cr-t-ttj [ 1 + (8.4 . pBO ] analysis should be in msq/L 
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D. Salinity Problems 

There are two types. The first deals with the salinity 
of the applied irrigation water and its rapid and direct 
effect upon crops. The second concerns the salinity 
that may develop in the root zone over a longer period 
of time due to accumulation of salts, and its effect 
upon the crop. 

The salinity accumulating in the root zone can be 
controlled within limits by the application of extra 
water described as the leaching requirement. However, 
if the salinity of the applied water is excessive and 
exceeds the tolerance of the crop, a full potential 
yield is not to be expected. 

High water tables complicate salinity problems. Extra 
water is used for leaching the excessive salts and good 
drainage is needed to assure that leaching is effective. 
Changing a crop to another with a higher degree of toler- -r! 
ance may sometimes prove necessary. 



E. Crops Role in Controlling Salinity 

Crops have different decrees of tolerance to salts in 
both water and soils. One of the management alternatives % 
to reduce salinity is to choose a tolerant crop. A 
given degree of salinity in water may be detrimental to 
sensitive crops while it may not be so for semi-sensitive, i 
or tolerant crops. 

There-are- tables-ava±lable which-class if y c robs and their " 

degrees of tolerance to the soil salinity and" water 
salinity to which they can be exposed. Similar tables 
are made for vegetable, forage and fruit crops. 

Tables R-l, R-2 and schematics SI and S3 are relevant 
in this connection. 

F. Additional Water for Leaching 

It is sometimes necessary to apply more water for leaching 
in order to control salinity. The minimum amount of 
this extra water that must percolate through the active 
root zone to prevent excessive accumulation of salts is 
known as the leaching requirement (LR) . This fraction 
of water is an extra addition to the water supplied 
to meet the crop water requirements. Leaching requirement 
can be calculated from the equation: 

ECW x 100 

ECdW 
Where ECW is the specific salinity of irrigation water and 
ECdW is the specific salinity of the drainage water at . 
the root zone. 

Laboratory results of complete leaching of highly saline - 
alkali soils is given in Table R3 as an example. 

High water tables can cause a recurrence of salinity at 
a given soil depth; therefore, deep ones are recommended. 



VT - LAMP DEVELOPMEHT 

A. Scope and Sequence 

The need for adequate and reliable information regarding 
the soils and water resources of each potential irrigation^ 
project is an initial step in Land Development. This ? 
requires preliminary soil, water, and drainage surveys \ 
which accumulate the necessary information for long 

_ -range planning-of valley -deve-lopment. — Sufficient- studies ---" 

in detail are required as a basis for target estimates. 

The basic survey needed usually covers: 

1- Soil surveys, reconnaissance or detailed 

2. Ground water surveys 

3. Drainage studies 
4- Hydro logic surveys 

Note: Usually detailed surveys follow for the potential 
projects developed which are from the primary investigation 
and surveys- For example, detailed soil surveys and 
soil investigations of certain specific land blocks. 

B. The purpose of Surveys and the Reports 

These surveys, especially soils, water hydrology, and 
drainage are presented in maps and tables based on com- 
pilation of detailed observations, measurements, and 
analyses of the land and its associated features; 
furthermore, they are made and interpreted by the skilled 
technician in the field for the primary purpose of 
describing and evaluating the potential use and pro- 
ductivity of a parcel of land and the problems inherent 
with its development and use. 

The conclusions of these broad parameters are to lead 
to the specific studies related to the development of 
blocks of lands which are to be developed following 
their sequence of priority, as stages of development. 

This second stage covers: 

1. The relative suitability for present or potential i 
irrigation of each soil and soil condition mapped -* 
(Land classed as presently irrigable; irrigable when 'A 
put under cultivation or reclaimed; not suitable; or 
not recommended for irrigation; and the potential low 
capability classification) . 

2. The kinds of limitations and relative degrees of 
intensity of problems to be overcome in developing and 
using the land salts, alkali, wetness, levelling,. 



credibility, flood hazard, soil behavior under 
irrigation. 

3. The best suited crops and sequences of crops for 
each major group of soils and soil conditions. 

4. The crop and soil water requirements (soil prop- 
erties affecting irrigation) lav out crop use affecting 
delivery of moisture and nutrients requirements. 



5. The relative economics of development and use 
(estimated development costs, gross and net returns 
and benefit/cost ratios) . 

C. Presentation and Reporting 

Usually this information is presented in a s canary 
volume and other specific subject matter volumes and 
appendices to cover the loge for pits, laboratory data, 
etc. There might be specific and supplemental reports 
to cover the use of the working data" available to a 
specific area. These supplemental reports also have 
appendices to them to cover the specific legends, soil 
profile and pit loge, deep or shallow, laboratory 
analyses, infiltration or leaching trials (in case of 
salinity) and previous preliminary or interim reports. 
Map follows containing the soils and drainage surveys 
and interpetation or classification maps for the use 
in project development are included. Sometimes the 
general and supplemental reports are only made for 
distribution and the rest are kept for the use by the 
specialized agency. 

D. Land Development Classification Usually Covers the 
following features as a minimum: 

1 . Phy s iography s 
Climate 

Native vegetation 

Land use and agriculture 

Topography and drainage 

2. Water Resources: 

Surface water sources and their quantities 

The hydraulic micro systems and the micro 
systems within each 

Quality of waters used for irrigation from 
the different sources (surface or under- 
ground) 

Any relevant data such as degree of efficient 
use, losses, distribution, etc. 

3. Soil Resources: 



Soil surveys - degrees, how they are 
made, their use and interpretations 

»*?1r- characteristics of the land, origin 
and development of the soils, principal 
physical and chemical characteristics. 

Main factors affecting development. 

Specific Features and/or treatments relevant to 
development potential: 



1. Land clearing and levelling 

2 . Drainage 

3- Reclamation treatments 

4. Management of different soils (good, 
soils needing special treatment, etc.) 

5, Wind control 

6- Erosion, its severity and control. 

7. Flood, its severity and control 

F. Relative requirements for the development of Land: 

1 . Crops 

2. Water 

Requirements for different crops 

Plant growth habits affecting water use 

Crop rotations and practices to affect 

water use 
Water requirements of crops to be grown 

in the area 

3. Fertilizer requirements 

G. Relative requirements affecting future development 
of land: 

1. Tillage and general farming practice 

2. Water management, its present use and 

remedial measures and adaptation of 
different soils 

H. Potential Agricultural Development and project selection 
criteria: 

1. Estimates of past and present and expected 

production 

2. Summary of presently irrigated and potentially 

irrigable lands. 

3. Their costs of development 

4. Cost /benefit ratio, and the potential of develop- 

ment, development stages, production 
potential and crop values 

5. Overall development cost and production potential 



I. Summary and Recommendations 



Over all 

Specific stages and sub-projects 



SOIL CAPABILITY CLASSIFICATION 

This project is needed for the country since this basic 
information does not exist with respect to land as a 
resource identity. It will answer the relative value of 
the land when either considered or put under cultivation. 
It will also clarify the suitability of the different 
lands when put under cultivation. No meaningful surface 
irrigation or underground exploration, hydraulogic 
- development: - •ithout- the~ -understanding"©^ the - sbilsVaspectsT 
their capabiMty and suitability, can be had-. 

Requirements : 

Tools, equipment, supplies, technical assistance, institu-' 
tional development, landsats, laboratory glassware, equip- 
ment and chemicals - 

The present number of personnel is not adequate for an 
expanded program of soil survey. 

Establishment of a cartographic unit and photo interpretation 
unit. 

Training abroad for short course in soil survey aspects 
and photo interpretation and cartography- (Dry desertic 
and mountainous localities - institutions) 



VIII. SOIL LABORATORIES AND REQuTRBMENTS | 

A. Soil Laboratories }. 

Two soil laboratories were visited- One belongs to 
the Ministry of Agriculture and the other belongs to :* 
the Ministry of Water and Power. They were once one 
laboratory, established by FAO in I960, but were later 

_5pl.ifc_intO-.J3ro small -ineffective-ones The- portion -that 

went to the Ministry of Agriculturedeals with a few 
analyses and is more oriented to fertility determination 
and plant food analyses, while the other which is 
left with the Ministry of Water and Power 1 deals mainly 
with such water analyses as soluble salts, etc. Both 
labs need strengthening with respect to chemicals, 
glassware and apparatices in order to make a complete 
soil analysis, tests for water, fertility, nutrient 
difficiences or plant feeding tests. The work is 
paralyzed by the lack of a centrifuge, soil shakers, 
suction filtering units, hydrometers, boron free glass- 
ware, salinity meters, chemicals and indicators. Kjeldahl 
flasks for nitrogen determinations are finger counted. 

The laboratory personnel have adequate capabilities for 
their present activities, but future plans for com- 
plete analyses and quality data would necessitate 
training of the presentstaf f and an adequate inter- 
pretation of the data has not been done. Irrigation 
projects are therefore reliant on empirical consumptive 
use data and not on infiltration rates, permeability of 
subsurface, soil texture and soil response to irrigation. 
Underground water investigation and digging wells are 
done without any soil analyses. The only laboratory 
effective data is the partial analyses related to 
the quality of water and it total salts. 

Neither one of the laboratories is oriented toward 
salinity or alkalinity problems and its interpretation. 
The results of any analyses are listed as requested on 
a common sheet without any interpretation. In this respect 
a new salinty laboratory is highly recommended. More 
than half of the cultivated land has this problem and 
no governmental division, laboratory, or personnel 
deals with that serious subject at present. A highly 
qualified expert to assist, train and organize the -j 
personnel world be of great value. '% 

B. Requirements 

With respect to the laboratory of the Ministry of 
Agriculture, at least the following should be covered: 



1. The stress has to be oriented to physico- 
chemical aspects of. soil properties of Afghanistan 
with minor localized surveys including the fertility 
status of the soils. 

2./ Projects related to soil water and soil fertility 
in relation to crop production: 

a. To study the effects of different sources 

— ■ of— phosphate "fertilizers ; on - through" up- 

take of phosphorous 

b. The fixation and release of phosphate in the 
different soils when applied from different 
sources 

c- The study of the residual effect of fertili- 
zation, and the study of the effect of the 
addition of organic matter on the rate of 
phosphate release from the soils, and its 
availability - 

d. The study of water use patterns by crops nu- 
trient uptake by crops, growth and yield of 
crops, water and fertilizer uses by crops 

e. The study of tillage in relation to crop 
productivity and the effect of tillage on 
water storage in soils. 

3. Surveys and status of macro nutrients and certain 
micro nutrients from specific soils and orchards, and 
the amelioration of the micronutrient deficiency in 
fruit crops - 

4 . Soil test crop response correlation studies in- 
cluding the correlation between different soil tests 
with respect to N S P & K and the yield of the crop 
and the recommendation of fertilizer rates based on 
soil test values. 

5. Experiments to establish the most suited crops to 
the different soils and regions of Afghanistan and the 
most suitable crop rotation in relation to nutrient 
requirements and irrigation. 

6. A final soil productivity index for different zones 
should be achieved. 

The lab should establish guidelines and give recommendations ; 
in soil /water and plant analyses and issue the required cer-"^ 
tificates. Reports on special forms for all requests should;|| 
be issued with the qualified interpretations .i^ the suife 
recommendations . 



Table A2 - I CLASSES OP SURVEY AREAS IN AFGHANISTAN IN 1000 HECTARES j 
by PAO Team in 1963 I 



CLASS I 


CLASS II 


CLASS III 


CLASS IV 


CLASS V 




CLASS VI 




U | 


U | D 


U | D 


U | 10 


U , D 


None 


'"161.6' 77.3' 
70% 1 30% 


158. 1 ] 174.7" 
44% i 56% 


61.4 ] 38.6 

62% 1 38% 


91% 1 9'% 

1 I 


137.5' *8.6 

i 

70% 1 30% 
J 


TOTAL 


259.1 
22% 


314.8 
28% 


99.4 
8% 


275.6 
23% 




225.5 
19% 


GRAND TOTAL 


AREA surveyed in the country - 1173.4 









Total Undifferentiated areas 
Total Differentiated areas 



790.8 67% 
382.6 33% 



KEY i U - Undifferentiated 
D - Differentiated 



TOTAL AREAS IN CLASSES AND SUB-CLASSES OF LIMITATION 
II III IV 



Total Undifferentiated 
Total Differentiated 



181,830 
77,300 



138,045 
176,665 



61,415 
3«,15Q 



252,410 
1,600 



157 
68 



,450 1 
,000 I 



Total S 
Total A&W 
Total T 





fSo 










S 43,200 


S 57,475 


S 2,300 


SA 


600 


8T 68,000 


ST 10,000 


ST 63,800 


ST 25,580 


A 


14,000 




SW 2,300 


SW 3,000 


A 10,000 


AW 


9,000 




SA 7,600 


A 23,600 




j 




STA 14,200 


AW 10,900 




j 






W 13,350 












T 4,450 










77,300 


124,275 


28,150 




600 


68,000 


24,100 


50,850 


10,000 


23,J600 




24,200 


68,340 


25,850 




68,000 



KEYt S - Soil Texture; A - Salinity) W - Wetness; T - Topography /erosioi 
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ANNEX 3 

NATIONAL WATER RESOURCES COMMESSION 

The Commission could comprise a Coordinating Board responsible 

for water policy and water law; its Chairman would be the Afinister of 
Planning or his designated representative. The members of the Board 
could be representatives of the Bfinistries of Agriculture and Water and 
Power; the Rural Development Department; and the Agricultural Bank. 
A Directorate-General would be responsible for the implementation of 
policy, and under him would be three Assistant Directorates, each beaded 
by an Assistant Director a3 follows: 

- mvestigations and Planning ; TW3 branch would be responsible 
for the inventory and classification of surface waters and ground- 
waters; the investigation of surface waters through an upgraded 
bydrometeorological network; and comparable investigations for 
groundwater sources, including karezes and springs, through 
drflling and pumping exploration programs. 

Attached to the mvestigations and Planning branch would be 
a National Hydrologic Institute, which would be an operational 
organization responsible for hydrologic research, surveys, and 
data collection, and for making such information re&dQy available 



to agencies concerned with water development and management. 
Water Resources Development : This branch would be respon- 
sible for Investigating more efficient means of developing water 

reeoOTcee j^ prep^ such as 

the artificial recharge of developed groundwater resources, en- 
largement of water intercept areas such as infiltration galleries, 
or the feasibility of runoff irrigation insofar as water resources 
were concerned. 

Conservation and Management: Attached to this branch would be 
a National Water Resoorces Control Agency which would be res- 
ponsible for overseeing the apportionment of aH water in 'de- 
clared" groundwater basins, the allocation of surface water sup- 
plies, the adjudication of water disputes, the licensing of well 
drillers and the issuance of permits for well construction, and 
other conservation and management functions as deemed desirable 
by the Coordinating Board. 



ANNEX 4 . DETAILS OF METHODOLOGY DSED IN REPORT 

INTRODUCTION 

The methodology used in this assessment of Irrigated agriculture .. 
in Afghanistan may be separated into the following five stages, which are 
described in detail in subsequent paragraphs. 



. System analysis 

. Problem identification 

. Problem-solving 

- Identification of potential programs 

1. Data-gathering 

The team reviewed the literature, was briefed by USAED and DRA 
officials and outside experts, and then made field trips to selected loca- 
tions in A fghanis tan to study different types of Irrigation systems. The 
objective was to learn as much as possible about the various facets and 
complexities of all relevant details of irrigated agriculture in Afghanistan- 

2. System analysts 

The system was then separated into sub-systems and key variables. 
The major concern (and the dependent variable for further study) was the 



utilization of Irrigation water. A supply system and a demand system, 
far a representative on-farm irrigation system was then developed, etea 
consisting of a noxaber of independent variables which affected the atfli- 
__ zatian of .irrigation water... Some, eleven, key variables (six for- the sup- 
ply system and five for the demand) were identified, each with numerous 
sub- variables. These were plotted on the diagram shown on Table Sri. 
Subsequent analysis led to the determination of interrelationships between 
two or more key variables and other sub-variables - or other key varia- 
bles. These linkages were sketched in the form of a diagram of inter- 
related ovals, which is shown on Table A4.1. 

The joint USAID- Experience, Incorporated Team then met with rep- 
resentatives of irrigation-related DRA ministries to discuss current pro- 
gress and findings; solicit suggestions and criticisms; and in general 



obtain a consensus that the Study was proceeding correctly. The DBA | 



^__jjgrtkdgatjajr^wag of assistance^ in assfgaing some priority to the key 
variables, e.g. , the conclusion, that the major problem affecting canvey- 



3. Problem Identification 

The next step in the methodology was tha refinement of problem 
identification. Following a number of discussions, three discrete problem 
areas were abstracted from die aforementioned eleven variables, as 



follows: 

a- Resources (basically a failure to optimize); 

b. Conveyance systems; and 

c- utilization. ... _ _ _..... 



4. Problem Solving 

The fourth phase of the assessment was the development of possftrte 
solutions that would be responsive to the problem areas identified daring 
the third stage, to subsequent group discussions a number of alternative 
solutions were proposed to ameliorate or correct these proi lems. No 
evaluation of the particular merits or feasibility of any particular solution 
was attempted at that times the intent was to minimize any extended dis- 
cussion which might have hindered the free flow of ideas. A smaller 
sub-group then met to discuss the various solutions to more detail. At 
this time, less-reasonable solutions were deleted, related ones were com- 
bined, and certain others were elaborated upon and refined. The result 
of this discussion was the ftoblem-Solution Matrix presented in Table A 
4.2. This matrix constituted the agenda for the team's second general 
meeting with DRA officials; at this meeting the solutions developed by the 
team were presented to the DRA for their comments and criticism. An 
attempt was also made to assign priority and weight to the solutions of- 
fered. While this tactic did not prove too successM, given the varying 



i of the DRA officials present, the general agreement expressed 
was that the majority of the solutions offered by the Team were respon- 
stre to the identified problem areas, 

5. Mentificaticn of potential programs ("packagas") 

Ea this last stage of the assessment j-ach possible solution was 
first evaluated against several feasibility criteria which reflected DSAID 
project scuadrass concerns (See Tafcie *\ 4,3). 

However, these criteria were found to be i&dlfecttve in folly screen- 
ing some of these solutions, a sitnation which might be accounted for as 
reflecting certain prior (albeit unintentional) screening to which the sota- 
tions had been subjected in the process of formulation daring the group 
discuss*'") sessions. Indeed, the majority of the solutions were not af- 
fected by the feasibility criteria screening. 

ft was then decidec' to proceed to an indexing exercise to identify 
and label those ?dntioa alements which affected 

a. The farmer directly through his land; his irrigation snpply; 
his farming practices; and any other activity relevant to on- 
farm Irrigated agriculture; 

b. The common interests of the farming communily; 

c. The nziionwide interests of the Government in supporting the 



development of irrigated agriculture; and 
d. The fl"*^ 1 *! i/nplicatiooa with respect to foreseen needs for 
technical assistance, training, commodities, equipment, and 



The tiwiftTtng exercise culminated in the recombination of solution 
alternatives into seven technical packages and one policy package. This 
packaging was then discussed with DRA officials, during the course of 
which their opinions were solicited and received concerning the nature 
of the required inputs of technical assistance, commodities, equipment 
and the types of funding. Their views on the Ministries and departments 
who might be involved if any of these packages were to be implemented, 
were also obtained. Additionally, the following views were given by the 
DRA officials: 

1. As most of the packages would require more than one agency 
for implementation, there should be closer coordination and linkage be- 
tween them. This can be effected through an inter-agency protocol. 

2. Implementation of systems could be allocated among interested 
agencies in accordance with project size as follows: 

Large sc i systems: Ministry of Water and Power 
Average 01 small systems: Bnral Development Dept. 
~ Individual g u r uclur es: Farmer himself through credit 



from the Agricultural Bank and fay acquiring the tech- 
nical sfcfll from the Rural Development Department. 
Agricultural Bank is prepared to finance technically sound 

- projects by receiving advice from the Rural Development Department- 

sad the Ministry of Water and Power. 

As Afghanistan is a progressive country, foreign training would 
be repaired for practically all of the packages. 

Demonstration projects would be vet7 useful and should be given 
important consideration in tbe relevant packages. 



Table A-4.2 



IRRIGATION SUB-SECTOR ASSESSHEHT: Alternative Solutions 



grfoJEy- Problems can be grouped under 3 headings: Problems j 

involving the Failure to Optlnize Hater Resources, Problems with 3 
the Conveyance System, and Problems regarding the Utilization of 

Irrigation later on the Farmer's Fielo\ _ t 

— SgMlgni.-. Solutions to these problems are outlined below. It should 
oe emphasized that the solutions are but possible alternativ e 
solutions . Before an actual project may be developed, each of 
tnese alternative solutions will have to be subjected to technical, 
economic, and social analysis to determine their feasibility. 



PROBLEM 

1. Resources 



Lack of knowledge of 
quantity and quality of 
resources and how to 
effectively utilize then. 



Underground water is an 
unknown entity; what is 
now being used is in 
danger of depletion; and 
che traditional systems 
of exploitation need up- 
grading. 



C- SuWace water Heeds to be 
monitored, conserved, and 
augmented if possible. 



POSSIBLE ALTERNATIVE SOLUTIONS 



1. Inventory and classify soils, surface 
water, and ground water. 

2. Bepin immediate ground water 
exploration. 

3. Establish Water Resources Commission, 
responsible for water policy, water- 
law, allocation, etc. 



1. Begin Underground Mater development 
program . 

2. Undertake artificial recharge of 

developed ground water resources. - 

3. Undertake investigation for further - 
development of karez, particularly om 

a. Storage of wastewater underground 

b. Enlargement of water intercept 
areas. 

4. Undertake investigation for further 
development and utilization of springs. 

5. Construct Infiltration Galleries. 



1. Up-€rade Hydro-Meteorological Jtetworks 

2. Construct Surface Storage Reservoirs 
a. on both perennial and non-perennial 



b. off -stream 



PTOBLEH 

1. Resources, cont'd. 



POSSIBie ALTERHATIVE SOLUTIOHS 



3. Undertake a Soil and Mater Conservati 
Program a. Impose control 
b. Vegetative Practices? 
e- Mechanical Practices ':■<§ 

4. Investigate possibilities of implement-? 
ing a cloud-seeding program. j| 

5. Ut-iize wells to augment surface supply 1 
where feasible. 

a. Battery of shallow wells 

b. Deep wells ,' 



2. Conveyance Systems 

A. Current diversion structures 
need to be improved and 
other means of capturing 
water need to be investi- 
gated. 



1. Up-Grade current diversion structures 

a. Make indigenous structures semi- 
permanent (gabions) 

b. Make indigenous structures permanent 

2. Utilize alternative lift methods (for 
example, pumps S motors). 

3. Relocate diversions 

4. Impose controls on flow of water in 
karez systems. 

5. Store karez water at exit. 

6. Utilize run-off irrigation. 

7. Combine diversion structures. 



B. Seepage within the con- 
veyance system is the chief 
cause of loss and ineffi- 
ciency. 



1. Line canals at selective points in the 
conveyance system. 

2. Over-design canals to off -set seepages. 

3. View seepage as a re-charge to ground- 
water* and dig wells to lap that 
groundwater. 

4. Shorten lead canals 

a. Design & construct more permanent 
diversions. 

b. Pump water from river directly into 
canal. -\ 

5. Improve maintenance on irrigation systems: 

a. Aquatic control J 

b. Weed control 

c. Silt Removal 



PROBLEM 

2- Conveyance Systems, cont'd. 

C. Flood protection is 
genes illy inadequate, and 
this results in major 
losses in the conveyance 
.. system. - _ 



D. Physical structures for 
controlling water-flow irt 
the conveyance system are 
lacking or in need of im- 
provement. 



£- The social organization of 
water control and distribu- 
tion needs improvement. 



3. Utilization. 



. Lack cf Knowledge by farmer 
a technician of efficient 
vetsr-use practices. 



POSSIBLE ALTERHATIVE SOLHTTnre 



1. Construct Headgate control structures. 
Z. Install siphons (where irrigation 
canal goes under wash-crossings). 

3. Construct flumes (where ^Irrigation . 
>. "???1 ¥** over a wash-crossing). 

4. Build "cut and cover" structures 
where canal passes across a wash- 
crossing or where it passes along the 
sides of hills and cliffs and is 
subjected to rock or land slides. 

5. Construct diversion channels, guide 
levies, or dikes. 

6. Build sluiceways. 

7. Buttress or support canal banks. 



1. Install division boxes. 
2- Construct checks. 

3. Install turnouts. 

4. Construct drop-structures. 

5. Insfe"'l netered gate structures. 

6. Utilize concrete pipe and close the 
system. 



1. Establish a training program for Mirabs 
and their assistants ( chakhbashi lT 

2. Institute inspection and supervision 
°t fflirab/chakhbashi operations. 

3 - Establish standards for operation and 

maintenance of irrigation systems. 
4. Formulate water laws. 



1. Begin research on proper water appli- 
cation rates, based upon local soil/ 
water/plant relationships. 

2. Develop and disseminate Irrigation 
Guidelines. 

3„ Institute on-faro training courses in 
water management and water-use 
principles, utilizing: 



4. Marketing infrastructure is sufficiently 
in-place that increased production, thru 
irrigation Improvement will lead to • 
• Increased fanner income. 

1. The project will benefit rural, poor. 

., 2. .The project has^ the potential to spread 

to other, non-primary, beneficiaries. ...- 

3. The project is compatible with the local 
social structue and cultural values, i.e., 
there will be no adverse socio^-cultural 
impact. \ 

4. Villagers are likely to participate in desini 
plan, implementation, and maintenance of 
project. 



1. ORA willing to make needed policy ch.mno 5 
to insure project success. 

2» Irrigation-related ministries and ancncif"; 
willing to cooperate in design, plannisiq. 
and implementation of the project, ' 

3. The proposed project is compatible with 
DRA current 5-year Plan. 

4,. The project's design package and funding K 
acceptable to ORA. 



Environmental l. No adverse environmental impact is fore-' 



- .incr a third-package could-consist approvements to CIS sutures 

diversions, conveyance structures, etc. , mirab training . andon^n. ... 

water management graining programs (working mainly through demonstrations). 

FkIi of th*se components could be expanded and sketched in greater detail. 
They "re offeredherTa^ an alternative to choosing among various but equally 
•Sable Alteratives. A further advantage, of the component or package 
ap oach is th£ It regroups the variables ^ihto a system, recogn zing that 
wo art* dealing with alystem and that all the parts are inter-related; thus, 
Oie Sist solution is one which deals effectively with sub-systems within 
that larger system. 



PROBLEM 

3. Utilization , cont'd. 



B. On-Farm Infrastructure 
related to water-use effi- 
ciency is lacking or in 
need of improvement. 



C. A soil improvement program 
related to water-use is 
urgently needed. 



D. Current farming practices 
are not conducive to effi- 
cient water-use. 



E. Ruaoff Irrigation 



POSSIBLE ALTERWATIVE SftuTIOHS 

a. Oenonstration plots 

b. Class instruction 
4. Establish an in-service training 

program for sub-professionals, 
technicians and especially extension 
workers, 



1. Improve on-farm distribution systems, 
by «6QErtn S: ;-.--_ 

a. Spiles, siphon tubes 

b. Tile channels and drains 

c. Brick/concrete turnouts (pre- fab turnc 

2. Undertake a program for leveling farmer! 
fields. 

3. Improve on-farm drainage 

4. Dig on-farm wells to augment water 
supply during droughts. 



1. Undertake Land/Soil Improvement Proaram 

a. Increase fertility levels 
1) fertilization 

2} soil amendments 

b. Reclamation of soil 

c. Sub-soiling 



1. Improve Cropping System 

a. Crop rotation (including fallowing) _ 

b. Inter-cropping 

2. Introduce agricultural practices which 
will result in greater water-use effi- 
ciency. 

a. Weeding 

b. Proper seeding 

c. Proper fertilizer application 

d. " Land preparation 



Table A-4.3 



Irrigation Sub-Sector Assessment: 

P«M-:e IV: Evaluation of Alternative Technical Interventions. 

Introduc tion: The numerous alternative solutions derived from our 
^•.ii:i'"sTbr5uig session and subsequently refined in meetings among 

_our--/'lves-and_in conjunction wi th. our J)RA..COunterparts have now_to_be _ 

"v.liiited. One objective method for doing this is to set forth a 
n.mrf,cr of criteria against which eacli cf the alternative solutions can 
ho wasured. Those solutions which cannot meet all the criteria are 
niv-n a lower priority in the final recommendation phase* while those 
trfiich do pass muster against the criteria will likely evolve into full- 
fle'igd projects later on: 

In ir.AII) project Paper Documentation, each project roust be analyzed in 
t.-rm-, of its technical, economic/ financial; and social soundness. For 
•ii-,rn-.'.ion purposes for today's meeting, we have decided to search for 
«M-.tinr.t criteria within that USAIO Project Paper Format. After discussion, 
of course, we may refine this framework or indeed decide upon other, more 
.r.j<>vant, criteria. Presented below, then, is a tentative evaluation 
schema for discussion. 



FEASIBILITY CRITERIA 



Economic/Financial . 



1. • Institutional capability to implcpirni 

the project is available or readily 
developed thru budget and technical 
assistance (this includes both. govern- 
mental and local capabilities). 

2. The technical intervention itself ir. 
is technically sound. 

3. The solution offered can utilize apr»- 
technology (i.e., local expertize, m-i- 
labor). 

4. Local, governmental, and foreign conlri 
t ions can be expected. 

1. Villagers* have capacity to contribute 
financially to project. 

2. Benefit-Cost Ratios are favorable (V) 

3. DRA willing to commit funds, material . 
' personnel to effect project success. 



ON-PARM TECHNICAL PACKAGES {Preliminary) 



Table A-4.4 






INVENTORY ■ | 

Inventory and classify soils, surface water, and ground water.! This includes 
upgrading of soils laboratories, hydrometeoro logical network, and the capability for 
making ground water explorations. I 

VII. GROUNDWATER DEVELOPMENT 

1. wells 

2. Springe 

3. Karezes 

4. Galleries 

5. Artificial Recharge 

6. Groundwater testing 



ON-PARM INFRASTRUCTURE 

1. All of on- farm infrastructure 

2. On-farm wells 

SOIL IMPROVEMENT PROGRAM 

1. Soil reclamation 

2. Soil Productivity Improvement 

RESEARCH 
1. 
2. 
3. 
4. 
5. 
6. 



SYSTEM INFRASTRUCTURE 


1. 


Upgrade diversions 


2. 


Lift method of diversions 


3. 


Relocate diversions 


4. 


Controls on Karez 


5, 


Combine diversion 


6. 


Canal lining 


7. 


Shorten lead canal 


8. 


All of flood protection 


9. 


All of Water Control Structures 


10. 


O&M 



Soil/water/plant relationship 

Irrigation Guides 

Drainage Guides 

Runoff Irrigation 

Cropping Systems 

Cultural practices including Varietal Testing 



EXTENSION AND TRAINING 

1. In-Servioa Training Program 

2. Farmer Training Courses 

a. Farming Practices 

b. Soil Management Practices 

c. Water Use Practices 



Pkgs. 


TA 


TNG 


Supply/ 
Equip. 


Funding 


Cr. 


FAR 


Dem. 


I. 
















12. 
















III. 
















IV. 
















V. 






J 








VI. 






1 








VII. 






! 








Testing 















